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ABSTRACT 

The revised Iowa Developed Energy Activity Sampler 
(IDEAS) was compiled using the original IDEAS program and the Energy 
Conservation Activity Packets (ECAPS). This docxjunent is one of the 
series of revised IDEAS booklets, and provides activities for 
teaching industrial arts/technology education. The activities are 
intended to present energy principles in an interesting manner and to 
develop student skills in acquiring information and making 
well-informed decisions about ensrgy issues. Each of the 17 
activities in this document includes: (1) the subject area for which 
the activity was written; (2) the grade level; (3) a brief statement 
about the activity itself; (4) the objective(s) of the activity; (5) 
a list of materials needed; (6) the approximate amount of time needed 
for the activity; (7) a more complete description of the activity, 
including the various components of the activity and their 
relationship to Jean Piaget's learning cycle (awareness, concept 
development, application); and (8) some follow-up/background 
information. In some activities thft original source of the activity 
is also given. The focal points of the entire document are energy 
concerns, impacts, choices, challenges, and conservation. (TW) 
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REVISED ICWA E8EVEL0PED ENEIGY ACTIVITY SAMILER - IDEAS 

nnRODucriDN od ideas 



B:e revised lEEAS were developed from the Ener^^ Conservation Activity P&cketSf 
CEQ^) f ty Ruth bdkkef and Iowa Developed Ener^^ Activity Sampler (IDEAS) f 
developed ty Dr. Doris G. Srjoonis under the auspices of the Icwa Ener^ Policy 
'Council aiKJ the Iowa Department of Public Instructionr now the Iowa Department 
of Education. An "infusion model" was used as a basic franework vdiid. 
recognized the interdisciplinary nature of ererc^ education oonoe^>ts. 'ihese 
included: 

1. Enercy is basic. 

2. Enera^ usefulness is limited. 

3. Environment is inpacted fcy energy exchanges. 

4. Enera^ conservation is needed. 

5. The future of ener^^ is ours to and share. 

Bie revised IDEAS adheres to these concepts and provides activities that 
utilize a learning cyde to develop a knowledgeable student populati,on 
COTcerning ener^^ matters. Decision-making skills are emphasized and 
developing an ener^ conservation ethic is a major goal. 

Under the joint sponsorship of the Iowa Department of Education, Duane Otoonsenr 
Environmental and Ener^^ Education Cwisultantf and the Ene.-g^ Division of the 
Iowa Department of Natural Resources, Dr. w. Tony Heiting, Coordinator; the 
revised Icwa Developed Ener^^ Activity Sanpler (IDEAS) was created to meet the 
continuing need for ener^^ education from the 1980 into the twenty-first 
century. 

Conservation of natural resources and enviromental awareness has teen mandated 
ty the State of Iowa to become a part of the quality education experienced by 
Iowa's future citizens in grades K-12. Erer^^ is an integral jart of our 
nation's natural resource base. Bie major emphasis of IDEAS is to provide 
uniquely designed K--12 classroom activities that a^e adaptable into various 
dassrocro situations, i.e., highly populated, urban schools to less populated 
rural facilities. Ihe focal points of IDEAS are: ener^^ concerns, impacts, 
choices, challenges, and conservation. 

Revised IDEAS adopts a learning cycle strate^ based upon the learning theory 
of Jean Piaget. Ihe cyde has three chases: awareness, concept development 
and application. Activities are loosely structured to allow for student 
exploring lypothesizing, and decision-making. 

Arareness activities encourage students to ejqperienoe a new idea, phencmenon or 
perception. A variety of experiences should stimulate the students* interest, 
appreciation, and initiate a positive attitude toward the concept to be 
formulated. Cc^cept development involves the building of a concept of enera^ 
based upon the awareness 0iase. Concept development may include such 
activities as reading, performing experiments, solving probledis, group 
interactions, gsanes and role-plying in order to reinforce the developing 
concept. The application phase is designed to enable the student to apply the 
new concept to various situations or problems. Application activities may 
include the same types of activities plus a gamut of others, including defcates, 
panels, simulations, survQ^s, designing, constructing and community or schoci 
projects. 
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This lecirning cycle aj^oadi integrates content with processes and encourages 
the developraent of hicjier level reasoning and thinking skills, Hie 
interdisciplinary importance of ener^ education is emphasized. 

Ohe activity format used in the revised edition of IDEAS includes a title, 
subject and grade level desigration, a short description of the activity, 
learning otrjectives, materials needed, approximate time required, and 
;aescriptions of the three jiidses of the activity. A suggested evaluation 
section has been included, in most packets, to assist the instructor and/or 
learner in determining the extent to whidi each learner achieved each 
objective. Etollow-up or background information and a detailed activity 
description complete the format. 

Icwa is an excellent example cf how ener^^ is an interrelated and 
interdependent resource. Icwa imports 98% of the ener^ it uses and has a high 
potential for reducing its dependence on outside ener^^ sources throu^ 
conservation and alternative energ/ forms. Iowa's current ener^ dependence 
has a major impact on lowa*s econory and the ability of the state to compete in 
the industrial and agricultural ccmmunity. All segronts of Iowa's society 
involving service- related employment, agriculture, and industry, are inpacted 
ty energ/ costs and availability. 

The most obvious means of energ^^ reduction is ener^ conservation. More 
efficient use of en^r^ resources available in Iowa (i.e. coal, wind, hydro, 
solar, gasohol, bicmass) can have a significant iirjact on the cost of 
production/distribution factors as fossil fuels begin to diminish in the 
twenty-first century. 

Ohe revised lUlAS were developed ty dassroom teachers who realize the need to 
provide students with an enriched curriculum. Iowa's tradition of excellence 
in education has always pointed toward an iirproved future for our youth. DXAS 
will provide the creative educator with a multitude of activities from which 
the{ can choose, adapt, and iitprove. 

Bie professional educator who uses lEEAS m^ adapt the activities for any 
dassroan setting. Students will be given the basis to form an ener^ 
attitude, ethic, and philosoply which will serve them and the citizens of Icwa 
throu^out life. 
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DJDUSIRIAL ARTS/TEOINCLOGY EDUCATION 



INTOODUCriCN 



The stuc^ of energy technologies is a vital concern of all curricular areas, 
but no discipline is better suited to address this concern than industrial 
arts/technoloa^ educatiai. 

Technology edacaticn addresses four major "s/stems" in our environnent: 
oonstructionf nanufacturing,' ccranunication and transportation. Enera^ is not 
listed as one of these four major hunan endeavors or "systems" specifically/ 
but none of these systems would be able to operate without energy. Enera^ is 
an integral part of each of these ^sterasr so a study of ener^ technologies 
diould be involved with each ^stenu 

The activities included in the industrial arts/techndoct^ education booklet 
have been specifically selected from a wide variety of activities. Activities 
are included which cover maiy different facets of enera^ education and ma/ be 
infused in classes concerned with an/ of the major ^sterns addressed ky 
techndoa^ education. 

These activities are a3,so flexible and can be adapted to fit varying teacher 
styles and differing classrocm facilities. The teadier m^ use an activity as 
is, or adapt it to best serve the needs of the particular dassroan situation 
or unit being studied. 

The underlying purpose of this booklet is to provide the teacher with a source 
of quality activities \^iich will aid in the students' understanding of ener^^ 
technologies and give them a chance to ej^ierienoe these technologies firsthand. 
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HEBO'S STEHm JET EDBIDE 




SCBJECP Industrial Technology LE7EL 9-12 



Acri\nTy in briep 

Ihe ancient scientist HerOf constructed a siit{)Ie steam engine (jet propelled) 
as early as 100 Hero is considered to be the first to convert the power 

of steam into useful exierq/. Hero's engine demonstrates the basic principles 
of steam power and it provides an excellent graphic of the process of putting 
the power of steam into luotioio 



GBJECriVE 

At the end of this activity^ each student will be able to: 1) describe how 
steam is used to create niechanical energy. 2) Explain how ener^^ is converted 
from heat to water to steam to mechanical erercy. 3) Construct a siirjie steam 
engine. 



JBOERIMiS TIME 

onpcy tin can with lid (anpty 1/4 pint 4-5 class periods 

paint cans work well) 
3/4" plywood; 9" x 9" 
1" X 2" pine; 16" long 

a heat source (Sterno Canned Heatf bunsen burner, etc. ) 
thin flexible wire; 24" long, or rylon braided 
fishing line 

eye book or staple (large) 
4d or 6d f inii^ nails; approx 4 
wood glue (may substitute Elmer's white glue) 
propane torchf bunsen burner r or soldering iron 
solid wire sdder 
paste soldering flux 

1/8" brass tubing, or 1/16" brass tubing approx 2" 
hand or electric drill 
1/8 and 1/16" drill bit 
scratch awl or ice pick 
stick pinr hat pin or safety pin 




LEAFNUG OrCLE 

MARENESS - Discuss steam tedmology and the history of the stean engine. What 
rde did the steam engine play in our industrial past? Explain the majr^r parts 
of a sin^ie steam engine (heat source r boil err and jets or piston) 

OCNCEPT DE^^ELOPMENT - Construct the model steam engine. Describe the major 
parts of the steam engine as each is constructed. What is the purpose for each 
part? Test the steam engine when completed. Hew do the enercy conversions 
take place? 
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APEIiiaiTJDN - List other enera' conversions which occur in modern day internal 
canbustion engines and jet engines? Could this engine be adapted for sane 
other practical purpose? 

EVWjUATION - 1) Have the students record the tine it takes for the can to 
begin rotating after the heat source is placed under it. 2) Have the students 
list and e3?)lain the c^ration of the major parts of a steem engine. 3) Have 
students list the ener^^ conversions that take piace. 



PCLLOW-nP/BAaSSROJND INFOWftTIOJ 

Try making a steam boiler with more jets, cm: place the steam jets in a 
different position or arrangement. Test mary models of steam boiler tanks. 

SOME OF ACTivrry 

Developed fcy Alan R. Glass. 
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Acnvrnr 

A. Making the Boiler 

1. Using the 1/8" or 1/16" drill hitr drill 2 anaall holes in the 1/4 pint 
paint can on opposite sides of the can. The holes should be 
approximately 1/2" down f ran th,e top rim. 

2. Place the scratch awl in the hole and bend it to the ri^t until it 
forms a tangent to the can. This will allow jet tubes to be parallel 
to the boiler. 

3. Cut two pieces of 1/8" or 1/16" brass tubingr one inch Ic^g each. 

4. Place tubes in holes and prepare for soldering. 

5. Ppply paste flux to tubes around the hole. 

6. Heat the tubes and canr then apply solder to the holes around the 
tubes so they are airti^t. 

7. Drill three holes in the rim of the can lidr equally spaced apart. 
Use electric drill or hand drill with 1/8" drill bit. 

8. S9ueeze end of tubes almost oompLetely shut when using 1/8" tubing 
(leave pinhole opening) a smaller hole means more pressure coming out 
of the boiler. Use a stick pin to check that the tubes have not been 
soldered shut or are piLuggsd. 

Note: When can is coolr bend tubes so they conform to the shape of the can 
(around the can)r this will help the boiler spin more freely. 



B. Making the Stand 

1. Cut plywood to 9" x 9' 

2. Cut 1" X 2" into a 6" 
and a 10" piece. 

3. ^1 

together as shown in diagram. 

4. Nail the large staple to the underside of 
the top of the f rane. ^Sake sure the snap 
swivel is connected. 

C. Assanbling the Engine 
1. 



Hit The Nail 
Oi)TheHead! 




2. 



CXtt the thin wire or rylon tearcted fishing line 
into three 5" piecjes. 

Attadi wire or line to the holes in the can lid and to the snap 
swivel. Center the swivel over the can. Form a tripod with the wire 
or line and tie a know at the top of the tripod. 
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D. Operatioi of the b^zeam jet engine 

1. Place water in the boiler to a dspth of about 1/2". ELace lid on can 
tigjitly. 

2. Hang boiler snap swivel hook and place heat source below the 
boiler. 

3. Li^t the heat source and positiui it directly belcw the boiler. 

It will take about five to ^^en minutes for the boiler to readi adequate 
pressure to begin rotating. It may be necessary to rancve heat source from 
below the boiler at tiroes if boiler motion becomes unstable. 

If the can does not begin to rotate after 5 minutes, use the propane tordi tc 
apply heat to the bottom rim of the can to start rotation of the can. 
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ACPivrry in brief 

You can get some basic information about collecting solar ener^^ fcy building 
and testing a simpie passive sdar collector* 'iiis activity uses empty coffee 
cans to prove how the sun heats up water in containers painted black* 



CBJECriVE 

Each student will be able to: 1) describe how a flat plate solar collector 
works to heat water, and 2) identify the major parts of a flat plate 
collector » 



MATERIfiLS TIME 

one large cpji, about 12-14 an diameter 3 class periods 

and 14-17 can tall (a 3# coffee can or 
2 l/2# vegetable fat can will do), 
one amaller can, about 10 an diameter 
and 1 an or more shorter than the large can* 
(It must fit inside the larger can with roan for a 
layer of insulation between the can bottans and 
sides* ) pundi can opener 

standard laboratory thermoneter (registering to 110 C) 
watch or clock with second hand 
plastic can lids, plastic wrap? waxed paper f 
colored cellophanef etc* as available 
duct tape rulA)er bands 
insuLatirg materials: shredded paper, Gotton, styrofoamf fiberglass, 
vood fihavingSf sawdust, cork, popcorn, as available 
paint and biushes or spray paint (flat black enamel) 
graiph paper 




LEAFNBG C^aE 

»?ARBNESS • Discuss ener^^ conversion, and how solar ener^^ is converted to 
heat* Explain how glazing holds heat in a flat plate collector. 

OONCEFT EEVELOPfENT - Have students construct a coffee can collector. Elaoe 
than in the sun and collect temperature readings. Hot the readings on a grapii 
and compare. Tty different types of insulators and repeat the data taking. 

APHjICATION - What happens when insulation is placed between the two cans. 
What materials would be good insulators. How is this siirple collector similar 
to commercially produced collectors? Design a model solar collector large 
enou^ to heat the dassroon. 
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EVlttiUATICN - 1) Have the students describe in a paragraph how a flat plate 
collector heats water, 2) Have the students list the five main parts of a 
flat plate collector. 3) Have tl>e students draw a diagram of a flat plate 
collector. Have students identify the five major parts. 



PCLLOHJP/^CK»aJND IN3DRNMPI0N 

Basic inforraatlOT on solar collectors is provided on the next two pages. Use 
it for your information only, or make copies for your dass. 

ISiis activity could be done with various-sized shoe boxes instead of cans. 
Howeverr cans are sturdier and once painted and punchedr the sane ones may be 
used ty several classes and/or reused on successive days without breaking down. 

Biis procedure is based on the use a a standard housdidd can opener. Warn 
students to avoid running fingers over the raw edges. A metal punch would make 
neater holes and eliminate need for the duct taper if someone other than the 
students can prepare the cans ahead of time. Use a backing to prevent denting 
the can. 

Collect cans or boxes well in advance of starting the activity. Be sure you 
have enou^ of the saro sizes so that assemblies are comparahie. Recanmended 
are 1 lb. and 3 lb. coffee cans plus their plastic lids; 2 1/2-3 lb. 
vegetable fat cans with plastic ]ids; #2 1/2 size fruit cans (1 lb., 13 oz. net 
wt.) and large tuna fish caiis (13 1/2 oz. net wt.). 

The "advanced canning research" suggestion nunber 4 (for hi^ school students) 
can best be done using the fruit, tuna, and 1 lb. coffee cans (all use the same 
size lid) for the inner can, thus keeping glazed area constant while varying 
the depth and vciume of the can. Results can be expi .sed quantitatively and 
should suggest the advantage of a "flat plate" conductor over one that is 
deeper relative to sun-ej^osed surface. 

Also, this advanced activity raises sane interesting questiions on heat vs. 
temperature. If all three collectors are receiving the same amount of sunli^t 
(having the same kind and amount of surface exposed to the sun) , why don* t all 
three reach the same temperature at the same time? This is an opportunity to 
describe temperature as an average heat of the surroundings, not total heat. 

Hie basic activity will probably require three days total: one for construction 
of the collectors, one or two for data collection, and one for graphing and 
interpret:ing the results. 

Divide the dass into several groups, each of whidi is assigned different 
ccmbinations of glazing and insulating materials. Be sure that each group 
collects data under the same atmospheric conditions to eliminate differ eioes in 
amount of sunlicfit available* Ideally, you will have an outside tahde or some 
large boards that every can use. Tilt the tahde or boards just enouc^ that 
the can riiadows are as small as possible, and no can is in a ^dow. You will 
get best results when the sin is striking the collector covers as directly as 
possible. 
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Results will varyr depending on cantri^nation of insulation and glazing used and 
depending on the time of day and time of year. Bie greater the insulation and 
the better the insulationr the hi^er the temperatures e^qpected. When air is 
the fluid conductoif a second IsjeL of glazing (on the outer can) with air 
^oe between it and the inner can will usually increase the rate at which the 
temperature rises. 

Evaluate students on ability to follow instructions and to work with others; on 
6rganization and analysis of the data gather edr including graphs prepared and 
e:5)lainedf and on answers to the questions. A samiAe grapJi is provided from 
"Solar Energy Project" of the State Education Department of New York. Biis 
activity is an adaptation of one included in their 1979 publication. 

Encourage "outside research" on sdar collectors and einswers to question six. 
If possibLer identify a local contractor r utility or business representative 
\A)0 can provide information on types of solar collectors now in use and 
possibilities of jobs making or servicing thera. Have this person visit the 
dass or suggest a time when students m^ visit or telephone to obtain 
additional informatics^.. 

The hole-punching routine is based on the assunption that you ha^e 25-30 an 
long Ctelsius thermometers alrea^i^ in stock. If reliable anall thermometers are 
available (for exampler those fron A.S. & E. r 955 Massachusetts Ave.r 
C&rabridger MA. 02139 for about .71 each) and if all your cover materials are 
transparentf holes may be unnecessary. The thermometer can stand inside the 
can or box and be read throu^ the oover. Eliminating holes means that opaque 
covers cannot be testedr but another variable may be introduced instead. Water 
or other liquids may be used for the collecting fluid. 

SCLfiR (DOLLECTORS : 

A collector for a solar heating systan has five basic parts: 

1. Tttie cover or glazing material which (ideally) lets in almost all of the 
incoming solar radiation; does not let ener^^ out again; is unbreakable; 
can withstand a wide range of temperatures without cracking or decomposing. 

2. The collector plate which absorbs the erjercy adnitted fcy the oover and is 
usually metal (copper and aluminum are typical choices); is almost alw^s 
covered with a dark coating that has to be stable at hi^ temperatures. 
(Black paint for example.) 

3. Die housing or collector box surrounds and/or supports the other parts of 
the collector. 

4. Die insulatiai surrounds ail unglazed sides of the collector box in order 
to reduce conduction losses. 

5. The fluid (either air or a liquidr oommonly water and antifreeze) v^ich 
transfers solar heat to another substance to be heated (air in living 
areas or a storage medium). 

SCXJRCS OF ACTIVrrY 

Iqwa Developed Energ/ Activity Sampler (I.D.E.A.S.) 
Adapted ty Alan Glass. 
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AcrivnY 

1. Vsdr± or spray the inside of the analler can with fciack paint. 

2. Punch one hole in the side of the snail can, just 
big enoucfi for the thermometer to slip throu^. 
(Position the hook-type can opener on the upper, 
open edge of the can. It will be ea^ to push 
in and all hdes nade will be the sane distance 
from the top edge.) 

3. Punch a hole in the larger can the same way. 



4. 



6. 



7. 



8. 



9. 




Choose one of tiie cxwer materials to stretch across 
the top of the anall can. If neoessaryf secure 
it with a rubber band. 

On the botton of the larger can, put a layer of insulating material 
thick enough to raise the analler can, when paaoed in it, so that its 
hole, and that of the largsr can line up. 

Insert the thermometer bulb into the analler can. 
Ad] ust the thermometer position so that you can 
easily read the mercury, ahen dose any irregular 
outside edges of your punched openings ty taping 
anall pieces of duct tape over any exposed areas. 

Haoe your collecting cans in the sin and record 
the inside temperature each minute for 20 minutes. 
(If you have an outside table or a piece of board 
that everyone can use, tilt the surface until the 
cans' diadows are minimized. You will get best 
results vrtien the sun is hitting the can coverings as directly as possible. 
Hwever, ^ cans should be positioned alike. In order to allow fair 
comparisons of your restits using different materials, the collecting 
conditions must be the same. ) 

Have a classmate or the teacher record the air temperature of the 
Eurroundings while the collectors are "working". 

Plot the data <xi a graph. Put temperature on the vertical axis and time on 
the horizontal axis. Use the background air temperature ^ta also for a 
"base-line* comparison. 




10. Cool down your cans and then put instiating material in all the space 
between the two cans. 

11. Repeat procedures nunber 7 and number 8. 

12. Compare results on the graph you already made. Connect the new data points 
with colored or dotted lines to distinguish then from the original ones. 

13. Ccmpare results with those of classmates who used different cover materials 
and/or different insulation. 
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Questions t 

1. According to dass results, which type of ocfver material appeared to be 
most effective? (Look for change in air temperature achie/ed as a measure 
of cciLiectOi perf onnance.) 

2. Whidi type of insulation seemed to work best? 

3. Wly is it necessary to use insulation in a sdar collector? 

4. Of the materials that the dass tested, which ccxnbination of crazing and 
insulation material would you cecoraroend for a demonstration collector? 

5. Bie collector you just used is like maiy used in solar-heated hot air 
systems, da you identify the five basic components in a solar collector, 
using yours as a model? 

6. If you were building a roof top collector for your hone or school , what 
kinds of materials would you need? 

Advanced Canning Research ; 

1. Put a lid on the outer can as well as on the inner one. Compare results 
with those from standard procedure. 

2 Try different colors on the inner can surface. Is red or due or green as 
effective as dack? How does a ^iry (unpainted) tin can perform? 

3. Try painting the outer can as wdl. Does this affect collector 
performance? 

4. Ebllow the procedure previously described with three different fj-^es of 
inner cans. A one-pound coffee can, no. 2 1/2 size f'^'^t can, and 13 1/2 
oz. tuna can, for example, all have the same diameter (about 10 cm) but 
different heights (approximately 13.8 cm, 11^ cm, 5-7 an respectively). 
Look for a relationship between tanperature diange, volvme of air neated, 
and area of the glazed surface exposed to the sun. 

5. Must the ca/er adnit light to be effective? Use a foil-covered can lid 
Tshlnv) , a dack-painted foil cover, and a dack polyethylene cover as 
alternative "contJds-. Do they heat up as well as the 

Do they cool as quickly? (Record cooling data every minute for 20 minutes 
with cans in the d^ade.) 

6 Consider effects of wind, douds, or extreme environmental air tonperatures 
on a sdar cdlector. Discuss wa^s to measure these effects. 

7 Trv tilting otherwise identical can collectors at various angles. Measure 
' tenperature doanges as before. Do resdts suggest any imrrc«r stents that 

wodd increase efficiency of a solar collector? 
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B $.79 SOL&B COLLECTDB 



SEBJEOP Industrial TechJiolo^ LE7EL 6-8 



hCSWm IN BRIEF 




In this activityr the stucJents will be constructing a sinpLer ine)pensive solar 
panel whidi can be used to d€nK)nstrate and experiment with the fundamental 
principles of solar energy. 



CBJECTIVE 

At the end of this activityr each student will demonstrate how water is heated 
ty sunli^t in solar collectorSf and how sunli^t is converted to hot water. 

IftTERIffl-S TIME 

thermometer 1 - 2 class periods 

rotary can opener 

empty 3.8 liter milk carton (1/2 gal. size) 
newspaper 

alundnum foil (one piece approximately 60 on long) 
a 1.38 liter juice can (Hi-C juice can) 
flat black paint 

a 60 cm piece of 6mm flexible copper tubing. (May use 3/8" tubing) 
anall pieces of wirer 1/16" drill bitr hand drill (if needed) 
masking tape 
plastic report cover 

plastic or rubber hose to fit the tubing, approx. 2-3 ft. long 

LEAKJDC csraE 

MARENESS - The students will stud^ pictures and diagrams of commercial and 
large scale solar collectors and discuss their operation. 

ODNCEPr lETBLOPfENT - The Students will hiild a sin^iLe solar collector and test 
it to determine the results of using solar energ/ to heat water. 

APHiICATIEN - Discuss how this basic collector could be inproved to make more 
water hotf or how to make the water hotter. What is the difference between 
this siirpLe collector and the collectors found on man/ building rooftops? 

EVALUATION - 1) Have the students record the change in temperature between the 
inlet and outlet water after the oollecter has been in the sun for 15 minutes. 
Continue to check the temperature each 15 minutes for one hour. Wliat change 
occurred? 2) Have the students list the five main components of this flat 
plate collector. 3) Have the students draw a diagram of a simple flat plate 
collector with all major parts labeled. 
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ICLLOW-DP/BAOCRCOND INFORMATEW 

Take a field trip to a manufacturer of octnmercial solar collectors or to a 
building which uses solar hot water. Test your collectors, and record data as 
to the length of time required to heat up a specific amount of water on 
consecutive deys. Try painting some collectors different colors. Try tilting 
collectors at different angles. 

SCDRCE OP AC2riviry 

Ann Lewis, Moscow Hi<^ Sdiool with assistance from Wayne Hager, Associate 
Professor, University of Idaho and Aleta Sonnenberg, Graphic Artist, University 
of Idaho, MosOTW, Idaho. Enercy and Man's Environment ; Salt Lake City, Utah. 
Adapted b[ Alan Glass. 
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ACPIVTrY 

!• Qos8 up the spout of the milk carton aiid staple it diut. 

2. Cut out one side of the box (one of the long sides). 

3. teke two holes approximately 6iTin in diameter (use a pencil) in both ends of 
the box. (Locate the holes at opposite corners and not too dose to the 
edge.) This is where the tubing will go throu^. 

4« Paint the whole inside black. 

5. Shred newspaper into strips and wrap it into a piece of aluninum foil. 
Biis will serve as insulation for the bottom of the collector. 

6. Flaoe the wrapped newspaper in the bottom of the milk carton. Mold it to 
fit snugly. It should be about 2" to 3" thick. 

7. Remove the top and bottom from a large juice can. 

8. Cut it in half or flatten it and tape the i^arp edges with masking tape. 

9. BeiK3 approximately 60 cm of copper tubing into aa "S" shape. 

10. Make it so that it will fit into the boxf using the two holes you have 
alreac^ made. The tubing should stick out of the ends of the box a little 
(about 1"). 

11. Make sure the tubing doesn't touch ti^e sides of the box. 

12. Try to have the tubing touch the can as much as possible. Pundi holes in 
the can and attach tiie copper tubing using wire if possibler or drill holes 
in the flattened can to run the wires through. 

13. After the tubing is in piacer paint the can and tubing black. 

14. Place the tubing and can inside the milk carton on top of the wrapped 
shredded newspaper. 

15. CXit the corners of a plastic report cover. 

16. Fold the corners down to fit the top of the box and tape the sides down 
with masking tape. It should form a cover. 

17. Hie panel is now reac^ to attach to a water source using the plastic tubing 
or rul±er hose. 

18. T^pe or cap the outlet end of the hoser turn the water on just long enou^ 
to fill the tubes. 

19. Set the collector in the sun for about 10-15 minutes. 
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B SimPLE SHLBB 0?EG 



ACTlVITy IK BRIEP 



Cooking with the sun is a way to shew that li^t enerc^r can becme useful heat 
energy. In this activityr students will be constructing a simple solar oven 
using a styrofoain cooler. 

CBJECriVE 

Based upon the results of this activity r each student will be able to: 1) list 
the advantages of using the sun to cook foodr 2) describe the process of solar 
cookingr and 3) li<± and e^^iain the purpose of the necessary parts for a solar 
even. 



MRTHRMLS TIME 

a rectangular styrofoam cooler with a 4 dass periods 

tight fitting lid 
an oven therracmeter 
duct tape 
scissors 

jigsawf utility knife^ or Exacto knife 
alumin^jm foil 

protractor or 45 -45 -90 triangle 
rutber cenientf or aimers Glue 
cardboardf or corrugated boxes (empty boxes) 
doutae-strength glass to fit your cooler opening 
(If glass is unavailahler you may substitute pLexiglas or a clear 
plastic sheeting.) 




learnug c^aE 

AWARENESS - Discuss solar heaUng. Show the students examples of solar 
greenhouses* Explain how a solar oven works and how it is similar to a sdar 
greenhouse. Halk about solar concentration with mirrors. Describe the Solar 
One* power generating station in California. 

OCNCEEP DEVELOPMENT - Construct the solar oven and test it fcy cooking hot dogs 
or some simple food. Students must also understand how to orient the oven so 
it receives the most intense sunlight. Have students add extra reflectors if 
necessary. 

APHilCATKN - Discuss hew solar cooking could be feasible on a large scale 
basis. What type of ovens would be necessary? What type of materials would be 
needed? What materials would make this or aiy solar even stronger and more 
efficient? 
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EVALOATIDN - 1) Have the students list five advantages of using solar ener^^ 
for cxx>king. 2) Have the students describe the process of heating food with 
the sun. 



EOJXJIHJP/bACRSimiD INTORMKriON 

Cooking with the sun is a way to show that lic^t enera^ can become useful heat 
energy. But tiinef energy, and materials must be properly invested in order to 
make use of "free" solar energy. Bus incoming enera^ is spread out, not 
concentrated. And its reys seen to change direction as the earth circles the 
sun. Stillf solar energy can be used effectively for raary jobs, including 
slew-cooking of meat and potatoes; heating houses; and heating water. Ihis 
model even will give you chances to do some solar heating and solar cooking on 
the next sunry day. 

Cooking with tiie sun has been one of the more popular projects attempted ty 
sdar enthusiasts. Hot dog cookers with a spit and curved reflector are easy 
to make. Unbrellas lined with irylar have been used to focus solar heat on a 
tea kettle or rioe pot. Curved reflectors made of aluminun also can help 
concentrate li^t onto food enclosed in black cans or gL ass-windowed boxes. 
Fresnel lenses have been used to produce intense heat, and oven flans using one 
are availahiLe for $.75 from Edmund Scientific Co., 1888 Edscorp Building, 
Barringtonr NJ, 08007. 

A durable oven made of sheet aluninum and plywood is described in detail, with 
construction diagrams, in Practical Sun Bower by Rankins & Wilson, from Lorien 
House (publisher), P.O. Box 1112, Black Mountain, NC, 28711, for approximately 
$4. Biis model would be appropriate for industrial arts students to build and 
would last longer than the model described here. However, it would require a 
greater initial investment of time and materials to cxxnplete it. 

Ihero was no noticeable difference in temperatures recorded between bri^t 
foil-lined and paintad-f oil-lined models that this author built. Differences 
between single and double panes of glass were also amall. Double- strength 
glass is recommended, however, as less likely to crack under heat. When the 
even was onpty (full of air, as in a house) then a douhle-paned glass model 
heated 10-15O f hotter than a single-paned one. 

Simple flat aluminun foil reflectors, on the other hand, improved perfocmance 
considerably, raising the interior temperature of a double-glazed model by 40O 
P in 15 minutes on a September afternoon. Mirrors or curved aluninum 
reflectors msy improve performance even more. 

The main problem with the reflectors as described is wind. Unless reflectors 
are wei^ty, every breeze can change their position and reduce their 
effectiveness, wind chills the oven/ too, suggesting the need for careful 
sealing and more insulation if the even is to be used often. 

*SQLar One is a solar powered electrical generating station located in southern 
California. 

SCDRCE OP ACTIVlTy 

Iowa Developed Enercy Activity Sampler . Adapted hy Alan Glass. 
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may 



Set the cooler upside down on its lid. Using a protractor or a 45 degree 
trianglef iuark the diagonal frcm the botton ''lid" ed^ upwardf as shuvn in 
diagram 1* 

Cut as indicated ky the dotted line, leading a slot for the glass window to set 
in. Line the inside of the box with aluminua foil. Paint the inside of the 
oven with flat black paint. 

Measure the opening for glass and buy a piece that will cover it and the 
styrofoam edges canpletely (diagram 2)« Tape the glass securely in place and 
cover cdl edges with alutiinized diet tape. 

If a glass panel is unavailable or too expensive for your students, you 
substitute dear plastic sheeting, film, or plexigLas. 

Make reflectors from cardboard or pieces or corrugated boxes covered with 
aluminun foil. Hinge two of tiiera and attach with duct tape to the sides of the 
oven. Support the backs with hanger wire if necessary. Lay one reflector on 
the ground in front of tiie wen and angle another one over the top. (See 
diagram 3). You can see spots of li^t on the glass \fhen the foiled panels are 
positioned most effectively. 

Position your solar oven outdoors with the glass directly facing the sun. You 
have the correct position when the diadow of the oven lies directly behind it, 
not more to one side than the other. Every 15-20 minutes you will have to move 
the even sli^tly to keep it oriented to the sun. 

Lift your oven off its base (formerly the lid of the cooler) to put in an wen 
therracneter and whatever food you want to bake slowly. Potatoes are shown in 
the diagram. Cookies can be baked on a cookie dieet or pie tin. Hot dogs are 
probably the easiest food to cook, the least expensive, and the fastest. On a 
bri^t sunny day, hot dogs will take 15-30 minutes to cook. 




IT19 

50LBB WBTEB BEBTEB IB fi TOTE TBBY 

SBJECP Industrial Otechnoloa^ LEvEL 6-12 

ACSiVrn IN BRIEF 

t 

In this activixYf you will build a model of a typical solar collector (hot 
water ^stem). It contains the same parts as a large-scale collectorf but 
scaled down to modpl size. 



GBJECTIVES 

At the end of this activityr each student will be able to: 1) name and 
describe the function of each part of a solar collector f 2) measure the amount 
of heat absorlbed fron the sm per square foot of collector. 3) list and 
describe the combination of collector materials vrtiich produces the most heat 
per sg. ft. of area. 



miTERIi^ TIME 

plastic storage tote tray ^prox. 2 class periods 

glazing cover (glasSf plexiglaSf dear 
plastic film, etc.) 

different kinds of insulationr such as 
fiberglass or styrofoam 
sheet steel or other metal to use as an 

absorber plater approx. 24 - 28 gauge. Size: ^ 
about 24" X 24" . \ \ 

scrap copper tubing, ?/4" O.D. about 3-4 ft. lc»ig \L . 

2 pieces of rubber hose, 1/4" I.D. to fit the '^T^/^^^v^^^^^L^ 
copper tubing approx. 24" long each IBfcJuJii*'^**' 
a 1 gallon thinner or ditto fluid container (empty can) 
acid core solder 
flat black spray paint 

support post 1x2" pins or scrap woodf aj^ox. 16" long 
wood for base - scrap wood or plywood approx. 12" x 16" 
wood glue^ No. 4 finish nails (about 4) 
themcnveter in a one-hole rubber stopper 
propane torch 

sheet metal cutting equipnent 



LEARNQG GTCLE 

iWTKBIESS - Introduce to students information on various types of flat plate 
collector s« Discuss the operation of a flat p^ate collector and its five main 
parts (glazingr collector plater box, insulationr and air or liquid)* 

(XNCEEP DEVELOPMENT - Have students construct the flat plate collector and test 
the cperatiai of the collector ty placing it in the sun. Record all data on 
the chart provided. Have students identify each part of the basic collector as 
th^ construct it. 



ERLC 



26 



IT20 



APELICATION - Discuss several uses for the model solar collector built in this 
activity. What is the difference between this model and a catmercially 
manufactured collector? What materials oc-old be used to make the collector 
more efficient? 

EVMjUATIDN - 1) Have the students oi^^ a diagram c£ a flat pLate collector and 
label eadi part, 2) Have the students describe the function of eadi part of 
the solar collecter built in this activity. 



FQLLaHIP/&Aazm]ND INFORMATION 

Plastic tote trays ooramonly found in industrial arts storage cabinets can be 

used as collector bcxes. If they are unavailabLef you rosy substitute a box 

made from scrap plywood with 1" x 4" sides. 

The glazing can be made fron aiy of a variety of materials: 

ELexiglaSf pic .wic sheetSf Saran Wrap*f or even glass (requires extra care). A 

frame ^ould be made for the glazing out of scrap l"x2" or wood lattice. 

SODRCE OF ACPivrry 

"Solar Enera^ Education - Industrial Arts." Solar Energy Projectf New York 
State Education D^partmentf Albary, New York 1981. 

Adapted ty Alan Glass 
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FDR OTE STODENT: 



Activity: 



1. 
2. 



3. 
4. 



5. 



Ask your instructor for a plastic tote tray and a glazing cover. 
Haoe one kind of insulating 
'^terial in the bottom of tiie 
tray. 

Cut a piece of sheet steel 
to fit into the tray. 
Bend the copper tubing into 
an "S" diape. Ohis can be 
done ly hand or the tubing 
can be bent around a pattern 
made from scrap wood. 
(Diagram 2.) 

Solder or glue the copper 
tubing to the sheet steel 
absorber plate as ^cmi in 
diagram 3. If the tubing 
is solder edr clean ary 
excess flux fran the plate 
after soldering. 
Spray the absorber plate 
with flat black paint. 
Let dry. 

Line the inside of the tote 
tr^ with styrofoam or fiber- 
glass insulation. 
Place the absorber plate in 
the plastic tray. 
Determine the location of 
and drill two holes in the 
side of the tray through 
whidti the rubber hoses will 
be connected to the copper 
tubing. 

9. Connect the rubber hoses to 
the ends of the copper tubing. 

10. Cut two short lengths of //^ bending pattern 

copper tubing. Drill a hole 
in the lok'ir ri^t side and 
in the upper left side of 
the 1 ^lon can. (See diagram 
1.) Bie holes should be sized 
so that the copper tubing fits 
snugly into them. Solder the 

tubing pieces to the holes. ^ 
!Ihese will act as hose 
connectors. 

11. Attadi the lower hose of the 
collector to the lower con- 
nection on the gallOT can and 
the upper hose to the upper 
connection. 



6. 



7. 



8. 



5UpP0f C 



hose conreciof 




absorber pl^tc 



Oiasram ^ 




copper tub. 
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Diagram 3 Co"^P^ctgd Absofbcf Phte 



12. Glue and nail the support piece 
to the base wood. 

13. Put the glazing cover on the 
collector and take the entire 
apparatus outside. Make sure 
glazing is sealed ti^t against 
the tray. Aim your solar collector 
at the sun ty leaning it against 
a support post driven into the ground. 

14 o Attach the gallon can storage 
tank to the s\:5:port post above 
the collector. (See diagram 1.) 

15. Fill the storage tank with exactly 
one gallon of water. Place the 
rubber stopper containing the 
thermcroeter into the opening of 
the can. Make sure the 
thermcroeter bulb is in the wacer. 
Read and then record in the data 
table the beginning temperature 
of the water. 

16. Cbntinue to record the temperature every 15 minutes over the course of the 
test period or until the temperature stops rising. 

17. Plot the datar temperature vs. time, a) the graph. Compare your results to 
the results cf students who used other materials in their collectors. 

18. Determine the increase in the temperature of the water (( T) from the 
beginning until the end of the test. 

T (end) - T (beginning) = T 

19. Calculate the total amount of heat collected in Btu. Multiply the mass of 
the water ty the temperature change. Ohe mass of 1 ^lon of water equals 
8.3 lbs. 

Heat (Btu) = 8.3 X T 

20. Determine the surface area of your absorber plate ty multiplying its length 
in feet ty its width in feet. 

Area (sq.ft.) - length x width 

21. Determine the relative efficiency of the heat collected in Btu per square 
foot of absorber plate, lb do this, divide the Btu collected ty the nunber 
of square feet of absorber plate. 



absorb 



S*shJped copper tu&ir; 



Efficiency (Btu/sq. ft.) =: 



Btu collected 



S3, ft. of absorber ipLate 
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Data Table 



1 Time (hr. ) 


1 Temperature 


T..e<.r., 


1 Temperature 
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SDBJECT Industrial TecbndLoq/ LEVEL 6-12 



ACPIVlTy IN BRIEF 

In this acfcivityr you will be constructing a solar still which is used for 
desalination of salt contamimted water* 



CBJECTIVE 

Each studant will be able to define desalinization and will describe the 
concept of solar distillation* 



MATEEUALS TIME 

glass bowlr large beaker r or glass jai 
(1 quart size) 
table salt 

plastic wrap (Saran Wrap) 
drinking glass or anall beaker 
nicurbles 
newspapers 



LEArainC O^GLE 

JW/«£NESS - Introduce students to other w^s of using solar ener^^. Discuss 
photovcOLtaics and distillation of water. Discuss how the sun is used ty 
campers and explorers to get the enera^ needed for survival* 

CCNCEPr DEVELOPMENT - Construct the solar still. Rlace the still in the sun 
and observe what happens to the water after a long period of time. Remove the 
cover and examine the underside. What is left on the underside? 

APELiavTICN - What type of energy conversions are taking place? What are seme 
possible large scale uses of a solar still such as this? 

EVMjUATIDN - 1) Have stucJents define desalinization in a paragraph. 2) Have 
students describe the process of desalinization and give one example of how it 
could be used to enhance the world* s suj^y of fresh water* 




FOLWJW-DP/lBACaG^^ INEORMKriON 

EvaporaticHi of the salt water doesn* t happen in a few minutes^ so it is not 
reasonable to expect results in a single dass period. Try to find a warm and 
sunny location where the still sit for at least 24 hours. Eventually a 
mist of fresh water will collect on the surface of the plastic and some will 
drip into the ^ass. 
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An industrial arts class or senior hi<Jh science students may like to make a 
more functional and durable still. Measurenents and diagrams for constructi^^n 
of one are included in Practical Sun Powe r ty Rankins and Wilsonr Lorien House, 
P.O. Box 1112, Black ftountain, NC 28711, lA. 

If area of the schoolyard is available for c'igging a shallow pit 30 to 40 on 
deep, students may construct a basic survival still using a clean jar, beaker, 
or can for the collector and a piece of plastic storm window sheeting for a 
cover. Use rocks, bricks, or scrap lunfiber to hold down the perimeter of the 
plastic film. Put another anall rock on the film ever the collector, 
depressing the center of the film about 30-35nttn from ground level. Water tends 
to cling to plastic (more readily than to glass) so a relatively steep incline 
is important to get droplets rdling. 

Mark the hole so no caie will accidently step into it. Let the still sit 
undisturbed for two to 24 hours, then reno/e the can and refill the hole. Hake 
the fluid collected to the classrocm for identification. Students m^ want to 
make a slide with a drop of distillate and dieck for presence of bacteria, or 
try to start a bacterial colony with it. 




Survival Still 



sooRCE OF Acnvrry 



Icwa Developed Enercy Activity Sampler . Adapted hy Alan Glass. 
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AcrxvTpy 

!• Repare salt water using 3,5 g table salt for every liter of water • 

2. Wash and dry marbles so th^ are clean. 

3. Organize the loaterials as shown in the diagram. Put some marbles in the 
beaker to keep it from turning over. Put the plastic food wrap loosely 
around the top. Secure the edges with tape or a rutter band. Then put one 
marble on the wrap so that it dips significantly over the small beaker. 

4. i\it the still on newspapers (for insulation) on the ground in direct 
sunli^t. Leave it undisturbed for an hour or more. You can leave it 
overni^t and reclaim it 24 hours later if you have a quiet location for 
it. 



Solar Still plastic cover 

(depressed at 




5. Questions: 

a. Notice the appearance of the plastic cover. What has h^jpered? 

b. Remove the cover and examine its underside. Put seme of the drops on 
your finger and taste it. It tastes like . 

c. Remove the glass. Carefully take out the marbles (if you used them) . 
Examine the ranaining contents. 

1. What is it? 

2. What evidence identifies it? 

d. How did the "new** material get into the glass? was work done? 

e. What does distillation mean? 

6. Extended Activity: Using library resources, find out about water 
desalinizaiion (taking salt out) projects around the world. Do any oL them 
usG the sun? Where in tl.e world are people most interested in getting 
fresh water from salt water? Wty? 
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SnPEB SOLEB OTEDS 



SOBJECr Industrial Technology 9-12 



kCSTrm IN BRIEP 

In this activityr students will be constructing a siirpLe solar oven which can 
be used to cook eas/ meals. 



CBJEGTIVE 

Each student will be able to e^^lain: 1) how solar emrg/ can be used to heat 
air in an even used for food preparationr and 2) hew solar ener^^ is converted 
to thermal ener^^ 



MATERIALS TIME 

3/4^' fir pLywodf as needed according to 
even size diosen 
18" of 1" X 4" pine wood 
8 ft of 1" X 2" piiie wood 
1 1/2" extruded styrofoam insulation 
(ap^ox 2ft X 4ft) 

28 gauge sheet metal (for lining the 
inside of the even) , You raey substitute 
aluninun foil for the dieet metal 
approximately 24" x 24" of double strength 
glasSf plexiglaSf or dear plastic sheeting* 
two 3/4" X 2" box-hinges 

1/4" plywood or cardboard for reflector panels 
alurainun foil 
wooden door knob 
#4 finidi nails 
wood glue 
latex caulk 

flat black enamel paint (spray or brush) 
duct tape 
thermometer 



LEABNSG OfOiE 

MARE2JESS - Discuss solar heating* Show the students examples of a>lar 
greenhouses* Explain how a sodar even works and how it is similar to a solar 
greenhouse. T&lk about solar concentration witli mirrors* Describe the Solar 
One* power generating station in California. 

OONCEET EETELOPtENT - Construct the sola: oven and test it b/ cooking hot dogs 
or some simple food. Students must also understand how to orient the oven so 
it receives the most intense sunligjit. Have students add extra reflectors if 
necessary. 
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APHilQ^TIDN - Discuss hew solar cxx>king could be feasible on a large scale 
basis. What type of evens world be necessary? What type of materials would be 
needed? What materials would make this or any solar even stronger and more 
6ff ici8nt? 

EVALUATION - D Have students describe in a paragraph how solar ener^^ can be 
used to heat food* 2) Have the students explain how the ener^^ conversions 
(frcra solar ener^ to heat ener^^) take place. 3) Have the students record the 
rise in tenperature inside the even for each 15 minutes the even is in the 
sm. Make a chart of liie temperature rise ever 1 or 2 hours. 



FaiiOHTP/bACRSRODND INFDRfATION 

Cooking with tiie Sun is a way to Aw that li^t enercy can beocroe useful heat 
energy. But timer energy, and materials must be properly invested in order to 
make use of *f ree" solar ener^^. Hiis inocming ener^^ is spread out, not 
ocaioentrated. Stillf solar can be used effectively for many jobs, including 
slow-cooking of meat and potatoes; heating houses; and heating water. This 
model even will give you chances to do seme solar heating and solar cooking on 
the nerct sunny day. 

Cooking with the Sun has been otc of the more popular projects attempted ky 
solar enthusiasts* Hot dog cookers with a spit and curved reflector are easy 
to make. Utibrellas lined with nylar have been used to focus solar heat on a 
teakettle oi rice pot. Curved reflectors made of aluminum also c^^n help 
concentrate li^t onto food enclosed in black cans or glass-windowed boxes. 
EYresnel lenses have been used to produce intense heatf and even plans using one 
are available for 75 cents frem Edmund Scientific Co., 1888 Edsoorp Building, 
Barrington, NJ, 08007. 

A durable even made of sheet alutdnun and plywood is described in detail, with 
construction diagrams, in Practical Sun Power ly Rankins & Wilson, frem Lorien 
House (publisher), P.O. Box 1112, Black tountain, NC, 28711, for approximately 
$4. Ohis model would be appropriate for industrial arts students to build and 
would last longer than the model described here. However, it would require a 
greater initial investment of time and materials to complete it. 

*Solar One is a solar powered electrical generating station located in southern 
California. 

soDRCB OF ACPivrry 

Adapted hy Alan Glass, "Practical Sun Power," fcy Rankins and Wilson, Lorien 
House. Popular Mechanics Magazine , May 24, 1982. 
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ACPivm 



!• Choose one of the diagrams for solar ovens prcvicted in this activity^ 

2. Measure and l3y out 3/4" plywood pieces to form the even box according to 
the dimensions on the diagram. Qfc as specified. 

3. Assemble the pieces to form ttie box with wood glue and #4 fini^ nails. 
Set all nail heads. 

4. Measure even box opening for door frame. 

5. Cot 1" X 2" pine for door frame. Miter all oorrc^rs. 

6. Cut a growe 1/8** wide x 1/2" deep down the center of eadi of the door 
frame pieces for the glass. Hiis ma/ be done on the table saw if one is 
available. 

7. Cut the glass to fit inside the frame. 

8. Insert the glass in the fraraer glue and damp the raitered corners. 

9. Cut styrofoam to line the inside of the box. Cut all pieces to fit 
snugly. Glue styrof oan to the box with wcxxJ glue. 

10. Cut 28 gauge dieet metal to fit inside the box. Line the inside of the box 
with the sheet metal. Use latex caulk or epo^y glue to secure the metal 
pieces in the box. 

11. C^ulk all corners inside the even to seal all sems. 

12. If you choose not to use i^eet metals you may line the inside of the box 
with aluminun foil. 

13. Eaint the inside of the even with flat black paint. 

14. Attach even door to the box with two 3/4" x 2" hinges. 

15. Attadi wooden door knob to the door. 

16. Cut reflector panels to fit the even door. Cover reflector panels with 
alixninum foil and tape reflectors to the box with duct tape. 

17. Place finished even in the cunr put food on an aluminum pie tin or aluminum 
foil and pop it into the even. Hot dogs take about 15 to 30 minutes/ 
hamburgers take about 30 minutes. You can moniter the temperature rise by 
placing a thermometer inside the wen while the food is being heated. 
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THE SDQ'S POSITIOQ ID THE SK7 



SOBJECT Industrial Technolo^ LEVEL 9-12 



ACriTm IN BRIEF 

Students will be cx)nstructing a ctevioe which will measure the sun^s position in 
the sIqt, 



CBJECTIVE 



At the end uf this activityr each student will be able to measure the angle of 
the sun's r^s and determine the altitude and azimuth of the sun. This 
information is iir^ortant when placing collectors to ensure that the collector 
receives the greatest possible amount of sunli^t. 



MATERIALS TIME 

a small peg boardr 3/8" wood dowelSf 4-6 class periods 

a magnetic ccmpa&Sf a bubble levelf 

a clock or watchf paper f pencil r strai^t 

edge, and a protractor 




LEABNDC OrCLE 



AWARENESS - E3q>lain altitude, azimuth, and zenith of the sun. Introduce the 
ideas of solar orientation and discuss wl^ it is important. 

CONCEPT DEVELOPfENT - Have the student construct some sun position dfevioes such 
as the one found in this activity. Collect and record all data accurately in 
the charts provided. 

APHilQ^TION - Discuss the inqportance for knowing the sun^s position in the 
sky. How does this affect the design of flat plate collectors. How is this 
data helpful in the piaoement of solar collectors. 

E7ALDATI0N - 1) Have the students describe in a paragraj*! why it is necessary 
to determine the altitude and azimuth of the sun. 2) Have the students 
complete a data table similar to the example given on the last page of the 
activity. Record infonnati<»i for at least 3 hours. 



FCLL0»f-OT/TBACK3R0D^ INFOSRMftTION 

Perhaps the most fundamental information needed ^y the solar enera^ 
experimenter is solar position and intensity data. Hie apparent position of 
the sun changes throu^out the day as a result of the earth^s rotation about 
its axis. Ohe sun appears to rise each day in a generally eastern direction 
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anc? sets in a generally western direction. As the earth revolves about the sun 
duLlng the oourae of the yearr the exact path that the sun appears to take 
changes. !Ihis is a result of the fact that the earth^s rotational axis is 
titled 23 1/2^ with respect to a line drawn perpendicular to the plane of the 
earth's ortat about the sun. Only twice a year ther around March 21 (the 
vernal equinox) ai*3 September 23 (the autunnal equinox) , does the sun appear to 
rise directly at the east point and set directly at the west point. Bie sun 
reaches thr lowest point (at noon) in the southern sIqt December 22 (winter 
'sdstioe) and the higfiest point June 21 (sumer sdstioe). 

Several ^sterns of coordinates are used to describe the posi.ticxi of celestial 
bodies. Oner vrtiich is quite similar to the equatorial ^stem of laigitude and 
latitude on Earthr makes use of the "celestial sjiiere" with star position 
weasured in terms of "ri^t ascension" and decLinatdon. Generally^ hcweverr 
the more strai^tf orward horizon sjrsteraf similar to that used ty navigators or 
surveyorSf is used ty those working in the solar energy field. Ihe position of 
the sun is described in terms of its altitude (angle) and its azimuth (angle). 

Die altitude of the sun is determined ty measuring the angle between the 
observer's line of si^t to the sun and the horizon (the horizont:al plane of 
the observer) . Die azimuth measurement used ty solar enercy workers is 
sligfitly different than that used tv surveyors. Die azimuth is the angle 
measured between the N-S line and the projection of the line of si^t onto the 
horizontal plax^. The angle is measured between the S horizcMi point and the 
projection on the horizontal plane of the line of sigfit to the sun. Die 
azimuth will therefore be a measurement in degrees E (in the morning) or of 
degrees W (in ^he afternoon). (In the surveyor's ^stanr all measurements of 
azimuth are maJe ly measuring the angle clockwise from the N horizon point and 
can have values of Oo to 360o. 





In this discussionf the di recti c»is referred to are the geographical rather than 
the magi^tic canpass directions. Lince the north magnetic pole does not 
correspond with the true or geographical pole, corrections to compass readings 
must be made to correct for the magnetic declination at aiy given locality. 
Ihe magnetic declination is the angle between the direction the compass needle 
points and true north; values for magnetic declinatioi can be found on local 
toxx)graphical naps or in tables in most physics reference books. 

At 12 o'clock noon, sun time, the sun would be located sonewhere along the 
imaginary line that passes througji the N-S points and your zenith. However, 12 
o'clock solar tL-ne does not correspond to 12 o'clock standard time. For this 
reason, the sun's ^adcw does not fall exactly alcxig a line running north and 
south at 12:00 noon (clock time). Correction can be made for local time as 
follows: 

There are 24 time zones extending around the earth, these extend over 
360O. Each time zone co^'ers approximately 15o of longitude (360o divided 
by 24). This me' is that lo of longitude corresponds to a time difference 
of 4 minutes. 

150 = 1 hour = 60 minutes, therefote, 1^ = 60 minutes = 4 min/degrees 

15 degrees 

Longitude is measured wesbjard from the prime meridian at Greenwich, England. 
Therefore, longitudes of Oo, 150, 300, 450, 6uo, 750, etc., correspond to the 
center of each time zone. Bie center of the Eastern Time Zone is the meridian 
with a longitude of 750. Add or subtract 4 minutes to the time for ever/ 
degree of longitude that you are east or west of the center of your time zone. 

Example: Your clock reads 10:00 Eastern Standard Time. Your longitude is 
80Oc Ihis is 50 west of the 75th meridian where it is actually 10:00. 
Sulvjcaci: 5 degrees x 4 minutes/degree = 20 minutes. It is 9:40 solar time at 
youL 3ccality» Bje sun will not be on your meridian until 10:20 (clock time). 

SODRCE OP ACnVITY 

This activity is one included in the Department of Ener^'s Solar Enerw 
Project: Activities in Earth Science, 1979. 

Adapted ty Alan Glass. 



o 42 
ERLC 




IT39 



ACTIVITY 
Directions : 

1. Locate the mid-point of one long edge of the pegboard and place the dwel 
into the hole 6 rows in fron the mid-point. 

2. Place a piece of paper on the board ty pushing it down wer the dowel. 

3. Remove the paper from the board. Drsw two lines on the paperr each passing 
through tiie center of the hole. One line diould be parallel to the long 
side of the paper; the other should be parallel to the idiort side of the 
paper. In other wordSf these two lines are perpendicular (at ricjit angles 
or 90O to each other. Mark the ends N-Sf B~W (as shown on the sketch) to 
show the canpass directions to use in lining the board. 

4^ Set the board in a horizontal position where it will receive the direct 
ret/s of the sun most of the day. Align the board with the canpass as shown 
in Figure 1. Use the bubble level to check that the board is level. Level 
it if needed. (Note: your instructor may suggest aligning the board in a 
different w^.) 

5. Measure and record the hei^t of the dowel above the top surface of the 
board. 

6. Each 15 minutes, draw a line on the paper showing the position of the 
^viow. Be careful to mark the end of the d^adow accurately. Since the 
positions of the diadows are needed throughout the day, students in all 
classes will have to make use of each other's data. Record the time and 
data for each shadow drawn. 

7. Etor eadi positicxi of the shadow you will want to measure two angLcis: 

a. Bie first is the anyle between the shadow (s) on the paper ana the 

slanting side (H) of the triangle as *own in the sketch below. This 
angle is called the altitude of the sun. 



Of 




Dow£v. 



AlTlTUDFcy THE 5^ 



On a separate sheet of paper draw a ri^t angle triangle such that the 
vertical side is equal to the dowel hei^t and the horizontal side is 
equal to the i^adcw length. Draw line (H) and measure angle 1. 
Record: date, time, and altitude of the sun in degrees on the 
diagram. 
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b* The second angle tells us how much east or west of the N-S line the 
S'ln is* Biis angle is called the azimuth. 



c. Measure angle 2, and record it directly on the apparatus. If the 
actual position of the sun is west of the 1^S line (in other v;ordSf 
the shadow falls to the east of the N-S line), then the azimuth angle 
is recorded as so maiy degrees west* If the sun is east of the N-S 
liner then the azimuth is recorded as a certain number of cfegrees 
east* Exanpie: In the sketdi on ts^Q previous page, the azimuth might 
be approximately 30^. 

8* Prepare a data table for tht^ sun's pDsition* Include the following 
information: 



9* Since the sdar enerc^ ^signer needs this kind of information for the 
,i^ole year, tables have been carefully prepared fcy scientists. Compare 
your data with that in published tables available from the weather bureau. 
Wly are the tables arrangsd ty latitude? What is the approximate latitude 
where you live? 




Date: 



Time 



Sun's Altitude 
in degrees 



Sun's Azimuth 
in degrees 
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fi PHOTOTOLTSIC DEmonSTBflTOB 



SCBJECT Industrial TechnoLo^ 



LEVEL 9-1? 



Acrivrry in brief 

This activity involves oonstructing a photovoltaic demonstrator to determine 
the angle at which the sun's reys are most intense. The demonstrator can also 
be used to set and orient rooftop solar panels. This demonstrator will consist 
basically of a photovoltaic (soLar) cell connected to a milliarameter. 



CBJECriVE 

Each student wfLl be able to measure the output of the dononstrator as a 
function of the sun's azimuthr altitude/ and intensity/ and of the 
demc»istrator's anqLe of inclination. 



IfiTERIffliS TIME 

3/4" plywood 5 - 6 class periods 

photcvoltaxc cell 
hinges (two) 
dips (two) -opdonal 
millisnmeter 

wire for electrical connections 
screw type electrical connectors 
screws 

plexiglass sheet, about 4"x4''xl/8" thick 
canpass 

several solar collector glrszingsf such as glasSf plastiCf acrylic, and 
various conmercial produ'^ts 

1/2" hand iron, 1/16" to 1/8" thick, about 10" long 
epoxy 

variable resistor (5K) 
SPST switch 
protractor 




LE^J9IIN3 C^aE 

BARENESS - Hhe students are given information on solar intensity and solar 
orientation. Bie students discuss terms such as azimuth, zenith, and solar 
altitude. Solar panels are discussed. 

OCNCEPT DEVELOPMENT - Ohe students construct the FhotovoLtaic demonstrator and 
test it when oorapiLeted. Determine the principle behind j*iotcvaLtaics. 

APELICATICN - Discuss solar orientation. Hew is it important to a contractor, 
or someone who is facing a solar panel on his/her own house or building. What 
are other aj^ications for the demonstrator? 
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EVALDATIDN - D Have students take readings and fill out the graphs pra'ided on 
the last page of this activity. 2) Have students describe in a paragraph the 
purpose for the demonstrator and the process of measuring the angle of 
inclination. 



PCtLOW-OP/feACIGROOND INEDRMftTION 

Take a trip to a house which is equiKcd with solar panels. Use the 
danonstrator to check the azimuth of the sun for that location. Determine the 
correct angle for that particular solar installation. 

sooRCE OF Acrivm 

"Scaar Ener^ Education- Industrial Arts", Sdar Energy Project, N&7 York State 
Education Department, Albany, New York 1981. Adapted ty Alan Glass. 
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ACTIVITY 

1. Cut outf andf and finish wood parts to the specifications shown in Diagram 
1. Cut 6" of hand iron and i^arpen one end as rfio^n in the diagranu 

2. With a router, rout out a depression sligjitly larger than the solar cell 
and 1/16" deep. Also rout spaces for the wires and a space for the SEST 
switch* (If router is not availabler skip this step.) 

3. Drill holes for the solar cell wires, millia^eterr and the variaKLe 
resistor. 

4. If the solar cell does not have presoldered wire leads, a lead must be 
carefully soldered to either side. Use extra care to make sure no solder 
leaks over edge. 

5. Assemble the wooden sections as ^own in Diagram 1. Attach band iron 
support. 

6. Insert the solar cell into its depression. Feed wires throu^ the drilled 
hole. If you did not rout a depression in the wood, you may glue the cell 
on the wood. 

(CAUTIC3N: Solar cells are very e:^nsive and very fragile, ttount the cell 
very carefully.) 

7. Cut the plexiglas sheet to cover the solar cell and screw it into place. 
It may also be glued into place. 

8. Attach the milliammeterr variable resistor^ electrical connectors, switch, 
and remaining wiring. 

9. Wire the circuit as shewn in Diagram 2. Be sure to wire the variable 
resistor in parallel with the meter. 

10. Attach tiie two clips to hdd glazings. 

11. Align a protractor with the hinges :5f the demonstrator. Lift the top 
secbiai of the danonstrator, stopping at 5 degree intervals. At each stop, 
carefully mark the position of the eharper^d end of the band iron. 



PART II. USING THE mOTCVCLTAIC EEMDNSORATOR: 

1. Determining the angle of azimuth of the sun (the distance of the sun from 
true south) 

a. Set the demonstrator at 45 degrees outside; free of diadows, 

buildings^ or trees. Note the time of day. 
bo Sic^t the demc»istrator along the following conipass points: N, NE, E, 

SE;^ Sf SW/ W, and NW, and take a meter reading at eadh point. 

Hot readings on Graph 1. 
d. Select the compass point with the hi^est reading. Si^t the 

danonstrator at 5 degree intervals around this compass point. The 

hi^est reading will give you the approxLinate angle of azimuth of the 

sun frond true south, 
e* Repeat Step 1 for another time of day. 
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2. Determining the best angle of inciination for the demonstrator fcy finding 

the altitude of the sun (the heicfit of the sun in the sky) Jll 

a. Set the demonstrator at the angle of az:lmuth you found in Step !• ^pr 

b. Ftosition the top section of the demonstrator at 5 inclination 
intervals and take a meter reading at each interval. Start with 0 
a^d end with 90 • 

c. On Graph 2 plot meter readings vs. degrees of inclination. 

d. Select the inclination with the hicfiest meter reading. Subtract from 
90 to obtain the solar altitude for the time of day you noted. Solar 
altitude tells you the heicfit of the sun in the s)q^. 

e. Repeat Step 2 for another time of day. 

3. Determining solar intensity 

a. Keeping the same angle of azimuth^ set the solar demonstrator at the 
angle of inclination which yielded the hicfiest reading in Step 2. 

b. Take meter readings several times a day ever several days^ (may be 
hard to do as class is not in session all day) carcifully noting timer 
dayr meter reading^ and especially sic/ and weather conditions. 

4. Determining the transrdttance of glazing 

a. Set the demonstrator at the angles of azimuth and inclination found in 
Steps 1 and 2. 

b. Use the variable resistor to set the meter to 1. 

c. Insert test glazings between the clips and record the meter readings. 

d. Construct a bar graph representing types of glazings and the percent 
of li^t transmitted. 
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DIAGRAM 2 



•WIRING DIAGRAM 



DIAGRAM 3 
CALIBRATING THE DEMONSTRATOR 
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EnEBGT WOBD EBIDES 

SGBJECP Industrial Technoloa^ LEVTEL 9 - 12 

ACPwrry in brief 

In this activityr students will pL^y word ^prnes with ei^rgy the theme. 
Students will also be asked to create their 

(BJEGTIVE 

At the oompLetion of this activity, each student will be able to state 
oonoeptsr define keywords and recognize forms of energy. 

MftT2RL«jS TIME 

paper and pencil 3-5 class periods 



LEAFNDC CJraE 

/WARENESS - Review major ener^ terms and their definitions. Review the basics 
of each of the ener^^ f ^rms you have studied. 

CONCEPT EETiLOI^T - ELey Ener^^ Bingo. Blave students make up an energy 
crossword puzzle. Play the password ener^ game. 

APHjICATKN - Have each student make up his or her own ener^ game. It m^ be 
a crossword puzzler or an ener^ gam patterned after a television gapf^e show. 
Example: Wheel of Enera^ Pbrtune or f^ily Oil Ri^ts Fteud. 

EVALUATION - Ask each student to state or list on paper five major forms of 
ener^ and define each form. 



soDRCB OF Acrwrry 

Miriam Colvinr Dorothy Kruser Ada Naratir Directed ly Ella Jedickar University 
of Northern Iowa. Adapted ty Alan Glass. 
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ACTIVITY 

1. ENERGY Bingo ; 'Ordinary bingo requires only the ability to hear numbers 
cailedr to reoognisse them m a cardf to cover them on the card when called, 
and to say 'Singol" when five adjacent numbers are covered in a ro^, 
csoluTUif or diagonal. ENEECY requires additional skill: Knowledge of seme 
energy-related tenos. The objective is to enhance retention of v*iat the 
student has learned about enera^, jo motivate learning additional facts, 
and to point out gaps in knowledge. 

a. ASvanoe preparation: Cards must be developed like the following 
example. No two should be exactly alike. Words from the accomparying 
list are suggested. Add others that are appropriate for your classes. 

Also, prepare in advance a ^ort descriptive sentence for each 
enera^-related word used on yoor game cards. Put each sentence on a 
separate slip. 

b. Play: To begin pley, the caller will shake up the word slips in a 3 
lb. coffee can or other suitable container. Ihen he will draw and 
read one slip at a time. Players must decide which term is being 
described and, if th^ have that word on their cards, ewer it. Fran 
then on, it is played jiist like conventional bingo. 



E 


N 


R 


G 


Y 


evaporate 


entropy 


R-factor 


geothermal 


hydro- 
power 


conduct 


nuclear 


recycle 


gas 


bicycle 


convect 


fusion 


FREE 


coal 


flywheel 


electric 


fission 


retrofit 


petroleum 


Calorie 


EER 


insulate 


radiation 


quad 


fuel 



2. Crossvord puzzles and word-maze gEones : Provide graph paper with 1/2" or an 
squares. Encourage students to make word puzzles using; 

a. as many "energy words" as possible; or 

b. as compact a format as possible (measured in ratio of squares 
used/squares available); or 

c a graphic energ/- related design within which selected words will 
"fit;" or 

d a special theme, like travel, houses, electricity, conservation, 
alternative sources, etc. 
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3. Charades : 

a. Advance preparation: Have energy vocabulary written onto separate 
slips of paper or file cards and placed in a shoe box or a 3 lb. 
coffee can* 

Flay: A student will draw out one of the energy terms. Kiis student 
TOUSt pantomime or find a way to describe his energy-related feature 
without saying arything. Sane f ingerspelling may be allowed. Bie 
student who first guesses the term ir question will then get the 
privilege of drawing out another slip of paper and repeating the 
process for a different ener^ word. 

4. I^ssword: Energy Style 

a* Advance preparation: Make 3 clue cardsr one largs one to show the 
audience and 2 small oneSf one for each team. (The card goes only to 
the contestant giving the due.) Use heavy paper so writing will not 
show through. Use the ENERSY VTORDS FOR GAMES or ary others of your 
choice. 

b. Flay: Bring four students to the front of the dassroom and have the 
alternate giving clues and receiving dues (two teanfis). Give points 
according to hew maiy dues have been given— 10 for the first due, 9 
for the second duer and so on down to 1 point before you reveal the 
word to the guessing partner. Game is 21 points. 
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B CLBSSBOOm 5B?0ninS WIDDIDILL 



StBJECP Industrial Technoloa^ LEVEL 9-12 

Acnvny in briep 

The Savonius rotor windonill is one type of windnill widely in use which 
produces electric current for hones* Diis activity involves constructing a 
sin^ie model of a Savonius rotor windnnill out of tin cans and inesqpensive spare 
wood* 




GBJBCTIVE 

Eadi student will demonstrate how wind enerc^ is oonvetued into mechanical, 
then electrical ener^ ty windmill devices* Each student will be atie to 
identify different windnnill designs. 

MMHIIALS TIME 

three two pound or one gallon cans (empty 10 - 14 class periods 

coffee cans work well) 

1/4" Diameter all-thread (threaded rod) three feet long 
six 1/4'' nuts 

two roller skate wheels with 1/4" inside 
diameter (or 1/4" bearings) 
one 18" X 18" piece of 3/4" plywood for base 
aKMTOx* 8 foot of 1" x 2" pine (or equivalent) 
cpLue, nailSf rubber be,nd 
epojy cement 

a 1.5 volt D.C electric motor, small flashli^t bulb 
3/4" scrap wood - to make a pull^ for the threaded rod 

LEAFNDB OfaE 

MARHJESS - Discuss various types of windnills, including horizontal and 
vertical axis maciiines. Show the students pictures of various types of 
windnills and explain the operation of each type. Describe how windnills are 
used to convert the power of the wind into electricity 

OONCEFT DETILOPffENT - Construct the model Savonius rotor windmill. Ctonnect a 
generator to a pulley on the rotor. Measure the current output with a 
millianimeter. 

APHjICAT]DN - Discuss hew this basic design oould fce dianged to produce more 
electricity. What modifications would have to be made to construct a windnill 
that would produce larger amounts of electricy? 

EVALUATION - 1) Have students draw a diagram of 4 different types of 
windmills. Label each windnnill. 2) Have students write a paragraph describing 
the enera^ conversions that take place when a windmill produces electricity. 
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RXLOW-OP/BACR?SODND INEDRMATION 

Try naking u Sa onius rotor windniill with 5 gallon buckets or 30 or 50 gallon 
tarrels. Hook up a 12 volt D.Cl gentarator from a car to your large winchill1^ 
How much electricity can you procJuce? 

Farther information on the Savonius windmill ma/ be obtained fcy referring to 
the Mother Earth Ng^s magazine and other periods calSf such as Popjlar Scienoe r 
Pppular Mechanics ^ and Mechanix Illustrated . Wind and WindspinrerS f ty Michael 
A* Hackleman and David W. Houser published ty Peace Pressr Culver Cityr CA, is 
a very comprdiensive source o£ information on the Savonius t^'pe wincinill. 

SOORCE OP ACTIVITY 

Hz^&l directiais provided ty William G. Boffmanr Gpt. Nathan Hale Sdioolf 
Coventry^ CP^ 06238. Reprinted from Connecticut Journal of Science Edication f 
Vol. 14 (2). la^a Developed Enercy Activity Sampler. Adapted ty Alan Glass. 
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Cut both ends out of three coffee cans. Carefully cut the cans in half 
lengthwise so that you end up with two equal sized trough-shaped pieces 
f rem each can. Cover the diarp edges with adhesive tape to lessen ttie 
possibility of a cut. 

Fabricate the four end caps of thin plywood or masonite, 1/8" or 1/4" thick 
will be adequate. Die dicmeter of the end caps should be twice the 
dianeter o£ the cans you iised plus 1". These end caps i^ould be round and 
must have a 1/4" diameter hole drilled in the exact center. Draw a 
strai^t line throucf^ the center of each end cap with a pencil to assist 
you in positioning the rotor blades on the end caps. 

Assemble two can halves to an end cap in the following manner to form a 
rotc^ subassanbly. Use epojy cement mixed in accordance with the package 
instructions to glue the rotor blades in place (Fig. 1) . 




fan 0' £pr)ty CfajAjT 
















Cajo Cap ^ 



Pi^^ANK:t Boi*^i. To Vt U'A Of U/^ojt Cam 
PtijAtjci £qvau To '/{ GfA Of LhfcuT Caaj 



Fig. 1 

Make a total of three rotor subassemKLies as shown in step 3. 

Join the three rotor subassemKLies and the fourth end cap as shown in Fig. 
2 fcy passing the three foot threaded rod throu^ the center hole of each 
end cap. Make sure that the center line of each eoid cap is oriented 60 
degrees aw^ from the one below it. Epo>y each rotor sutassonbly and the 
fourth end cap to the one next to it and ti^ten the 1/4" nuts to hdd 
everything together until the eposy cement dries. 




Pig- 2. 
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6. Install the bsarings (roller skate wlieels) as shewn. Use a 1/4" nut at 
each end of the bearing to hold it in pLace and lock it to the rotor 
shaft. Ti^ten the nuts snugly (Fig. 3) . 



o 



Roll a 6#f4nt Whc£ls 
Vf * T*fKc/*ot& Rod 




Fig. 3. 



7. Balance the rotor assembly ky 
placing it horizontally 

^ supported on its bearings 
(for instancer between two 
desks) and spin it ty hand. 
When it stops spinning, jnark 
the very *x>ttam of one of the 
end cap; .th chalk. Repeat 
this procedure several tiroes. 
If you find that one side 
always ends up on the bottOTv 
you will ha^e to lighten this 
side hy ranoving material from 
the end caps. Do this gradually 
ty f ilingr sandingr or scraping 
away the excess^ carefully 
checking to assure that not too 
much material has been ranoved. 
When the rotor is correctly 
balanced it will stop in random 
positions when spun. This 
completes the rotor assembly. 



SCREW 
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B. Make a suitable framework that will 
allow you to inount the rotor in a 
vertical position siK^rted ty its 
bearings arid free to turn in "the wind. 
This framework may be constructed of 
scrap plywood or 3/4" lumber. A 
suggested configuration is shown in 
fig. 4. 

9. Epo:y the outer races (surfaces) of 
the bearings to the base and upper 
support* Make sure that the rotor is 
free to turn. You may have to remove 
some material fran the base and upper 
support ty drilling to allow clearance 
for the inner race of the bearing and 
1/4" nuts on the end of the threaded 
rod. 

Conclusion ! 

T&ke your roasterpieoe outside on a breezy 
day and see how wall it works. If you 
are satisfied with its performance, you 
may attadi a small 1 1/2 vdt D.C permanent 
magnet motor to the diaf t ty losing pullQ^s 
and elastic band belts. When the motor is 
spun fast enou^ it will generate enou^ 
electricity to li^t all/2 volt li^t bulb. 




A 




Fig. 4 
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BO insDLBTme wmoow coveb 



S3BJECP IndUbui.ial TeGhnoloc^r L3JEL 6-8 

ACPivrry in brief 

In this activity^ stuc3ents will be constructing a styrofoam window cover panel 
vdiich can be inserted in hous^old windows during winter ni^ts when heat 
escapes out of the house througji window panes. 

CBJECSriVE 

Each student will be able to e:?)lain the value of insulation and how insulation 
can be used to help stop heat loss in the winter. 



MATERIALS TIME 

cx« 4' X 8* sheet of 1" rigid styrofoam 2 class periods 

insulation 

30 lineal feet of wood lattioer 1 1/8" x 1/4" 
2 plain cabinet knobs with screws or 2 screw Q^es 
Elmer's glue 

<xie of the following: decorative fabric^ 
wallpaper^ foil, corkr 1/4" plywoodr 
or latex paint 

30 lineal feet of weatherstripping 




LEAFNBC dCLE 

AWARENESS - Ty>e students will be ^own examples of different types of 
insulating materials. Tell students to find v*ere insulation is located in the 
house the/ live in. 

OONCEPT DE7EL0I»ENT - The students will construct the window coverr and test it 
in a window in their own house. 

APHilCATIDN - Discuss other places where insulation could be applied to the 
house to save energy. Wly is one type of insulating material better than 
another? 

EVALUATIDN - 1) Have the students tarainstorm and verbally list all the 
different types of materials used to make cannercial insulation. 2) Have 
students make a list of aiy other materials which could be used for 
insulation^ 3) Have the students write a paragrajii describing how insulation 
keeps a house warm in the winter and cool in the sunmer. What would a house 
with no insulation be like? Wly? 
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RXIiCW-DP/BACTRCXn© INFDRMATION 

Talk to a contractor (ask a contractor to come into your dassroon) to c3iscuss 
the Value of insula tiny in oonserviuQ energy • Additional inf onustj^on jTiS^* be 
obtained from the Owens-Corning Corporation on insulation and R values of 
insulating materials. 

scoRCE OF kccvrm 

Iowa Developed Energy Activity Sampler . Adaj*ed ty Alan Glass. 
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AGnvrry 

1. Cfeirefully measure the inside casing of the window to be fitted with an 
insulating cover. Record the hei^t^ the top width, and the bottom width. 
If the width measurements differ by greater than 1/8", you should make a 
paper or cardboard pattern of this non-standard opening before proceeding. 

2. Substract 1/8" f ran both the width and the heicjht. 

3. Using the adjusted width and hei^t roeasurementSr mark off in pencil the 
panel to be cut frou the styrofoam sheet. Or, if you have macte and triitjned 
a pattern/ pin it to the styrofoam as a guide. 

4. Hold the styrofoam sheet stea^ while you carefully cut out the panel with 
the utility knife. Score the styrofoam ligiitly in the first cut. Increase 
pressure on succeeding cuts until you cut all the way throucfi. 



5. Check your panel against the window for closeness of fit. Trim only if 
necessary because a ti<^t fit is essential, 
the material that will compensate for slight imperfections. 



You will find sli^t "give" in 



6. Cut the lattice strips with a hand saw to make a wooden frame for the 

panel. Start with exact dimeasions of your cut piece and then make or^ of 
the following: 

a. Box frame - Each piece is the width or length of the panel less the 1 
1/8" of the lattice. Glue the frame to the panel firstf then staple 
each joint twice. 

b. Mitered frame - Each piece is the width or length of the panel. Ends 
are cut 45 with a mitre box. Glue frame to the panelf then staple 
each corner twice. 




7. Consider tlie framed side of your panel the "outside": it will face the 
window. Now decorate at least the "inside" or rocjn-facing area of your 
window cover. You may glue foil or cork to the roan- face side. Or you may 
dioose fabric or wallpaper to cover your panel. If so, allow a 5" margin 
over both length and width dimensions. Cover edges of your panel and 
staple the materiaQ. to the wooden frame in back. You can also paint your 
wiiidcw cover fcy brushing on latex paint. Or you may prefer to cover the 
pane], with a plywood face. If so, frame both sides and then glue the 
plywood to the rocm-side face. 
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8, Ac3d knobs or scrw-Q^es (for pulls) last. Put one on opposite encJs of the 
room-facing sider in a convenient position for pushing on and pulling off 
the panel* If your window is small (about four sjuare feet or less in 
area)r one center knob is probably enough* 

9. ^ply weather stripping around the window casing. This will help prevent 
infiltration. 

10. Install the window cover. It should press ti^tly a^nst the weather 
stripping when in place, yet it is li^twei^t and ea^ to remove whenever 
desired. 
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CHECKIDG WBLL inSULBTIOQ 



SOBJECP Industrial Technology 



LEVEL 



9-12 



^^crivrry in brief 

In this activityr students will be measuring the temperature differences 
betwt^en walls and interior rooms to ctetennine the adequacy of insula ^on in the 
walls and floors. 




CBJEGTiyE 



Each student will be able to list the various types of insulating materials and 
explain the best applications for each type. Each student will define the 
concept of the "R" and "U" value as it relates to insulation. 



KMTEiia-S TIME 

a thermoneter 2-3 class periods 

hone insulation check sheet 




leabnug oraE 



BARENESS - Discuss basic concepts of insulation. E35>lain the "R" factor ar.d 
the "U" factor and why thty are important. Discuss and give examples of each 
of the various types and forms of insulation. 

CONCEPT DEVEL0PI4ENT - Check the wall tenperature and the roan temperature of 
your class room. Osculate the difference. Is the insulation adequate? 
Canplete the heme insulation check exercise. Check the type and an^ount cxE 
insulation in the wallsr the attiCf and the basement. 

APELICATION - Which materials are the best insulators? Why? What makes up a 
good insulator? How can you tell if a house or other building is 
underinsulated? 

EVMiUATIDN - 1) On a short answer quiZf have the students define "R" valuer **U" 
value and the word "insulation. " 2) On a short essay testr have the students 
list five different types of insulating materials/ the advantages and 
disadvantages of eachr and v^t type of applications each insulation material 
is best suited for. 



o 

ERIC 



63 



IT62 



KLLOW-DP/BAOGRODND INEDRMATICa? 



l&lk to a local contractor or insulation dealer for latest facts on various 
types o£ insulation and the proper use fca: each. 



SCDRCE OF ACTIVm 

Activity adapted from Energy Conservation in the Hoiae f An Ener^^ 
Edacatic«/Conservatic»i Curriculum Guide for Hone Econcmics IteadierSf U.S. 
Department of Enera^. Prepared ky University of Tennessee Environment Center 
and Collegs of Heme EoonomicSf KnoxvUlef TOf October , 1977. Adapted ty Alan 
Glass. 
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ACPivrrY 

During the heating or cxx>ling season when the heating or cooling equipnent is 
operating^ place a thenncineter finnly against the insids surface of an exterior 
wall and another in the center of the room. It*s easiest to hang the 
thenncraeter on a picture nail or hook on the walla Place one therracmeter on a 
chair in the midcJle of the roan# Allow sufficient time for the temperatures to 
register and then record the two readings* If the difference between the two 
readings is greater than 5^ the wall is probably not adequately insulated. 
The example illustrated below shows an exterior wall temperature of 67^ f and a 
center of the room temperature of 78^ F* 




The next step is to determine the difference in the two readings: 78^ F-670 p 
= 110 The difference is greater than 5c F; therefore, for this example, we 
would draw the conclusion that the wall may be inadequately insulated. 
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BEfiDIQG ELECTBIC IQETEBS 



ACrWTPY IN BRIEF 



Most people pay litUe attention to the meter attached to their house or 
businesSf but this device is what determines v*iat your electric bill will be 
each month. This activity will teadh you how an electric meter works and how 
to read a meter. 



CBJECTIVE 



Each student will be able to accurately read a house or basiness 
electric meter. Each student will be able to describe the basic 
operation of the electric meter. 



wnieriUjS time 

student activity sheet 2-4 class periods 

pencil or pen 



LEAFNIIG aCLE 

MARENESS - E55)lain the purpose of e].ectric meters and their iirportance to 
society. Explain the operation of an electric meter. Define and discuss 
kilowatt and kilowatt hours as a measure of enera^. 




OCNCEPT DEVELOPMENT - Have students record meter readings as described in the 
activity. Locate the meters on local industrial establishments. Record the 
rate of electricity used and conpere it to the students' heme reading. 

APHiICATICN - Have students draw and design a new oonputerized meter. Vihat 
would be changed on a new design of meter to make it easier to use and read? 

EVALDATIDN - 1) Have the students keep a record of the electricity used in 
their house for one month. Record the meter reading dailyr and at the end of 
the month compare it to the reading taken ty the power compary as noted on the 
electricity bill. Did the student take an accurate reading from the meter? 2) 
Have 'die students write a paragraph describing the basic operation of an 
electric meter. 3) Have the students fill out the meter worksheet included in 
this activity. 



o 
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FOLLOW-UP/BAOEKXIND INIDRMATIjON 

Refer to the activity in this booklet, entiUed "An Electric Appliance teter." 
TSslk to a repre^ntative f rcro your local power conipary* 

SCDRCE OF Advrm 

This student activity was taken f ran Environnental Education Strategies for 
Wise Use of Energy ^ Division of Scence Education, North Carolina Department of 
Public Instruction, February, 1974. Adapted b' Alan Glass. 
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On some wall of your home — baseinentf garagsr or most often outside — you will 
find an intricate glass-enclosed device. If you are like most peopLe, you 
^^■^ seldom pay BHf attention to it. Nor do you r^ed tOf for irrodern electric meters 
perform their job so accurately and reliably that you need never be troubled. 
Butr every month or sOf a person f ran your electric utility compary comes to 
see itr and later you are billed for the exact amount of electricity used. 

Meters Measure Electricity . Birou^ your meter's glass enclosuref you can see 
a revcGLving aluninim disk and a series of dials and pointerSf or digital 
numbers. Without expLanationr the/ don't make mud) sense, but th^^ are really 
ouite simple. 

The amount of electricity you use determines the speed at whidi the disk 
moves. Bie more electricity you use, the faster it turns. Each revolution 
represents a portion of an electric ener^ unit called 

watt-hour. Bus watt-hour measurement is transferred from the disk througfi a 
series of gears to the digital numbers or pointers on the dials* 

Just What Is A Watt-hour ? Every hour a 100-watt li^t bulb burns, it uses 100 
watt-houi:s of electric emrq/. Since a watt-houi' is such a sonall unit of 
energy, your electric utility compary uses a unit equal to 1,000 watt-^hours— a 
kilcwatt-hour — to measure the amount of electricity used* 

What Makes Your Meter Disk Turn ? There are two sets of connections whidi cause 
your meter to register; (1) the amount of current flowing into your house, and 
(2) the pressure or voltage at which the current is flowing. 

Electric current is like water flowing throucji a pipe, ihe rate of flew of 
electrons throu^ a line is measured in amperes. Pressure is the force that 
pushes electric current throu^ the lines, measured in vdts. To determine the 
electrical power (watts) used, multiply amperes of current ty volts of 
pressure. Your electric bill is stated in kilowatt-hours. 

Qock-Like Meter Accuracy . Rriction inside the meter is all but eliminated 
with the use of a magnetic-suspension system which uses a magnetic field to 
float the disk and its shaft in air. To help maintain accuracy provided ty 
magnetic suspension and other design features, the meter is sealed with filters 
v^ich keep its interior free of dust and other contaminants \Aiich can cause 
inaccurate ineter registration. 

Your Meter— A Small Motor . Your meter is basically a anall induction motor run 
ty magnetic forces created fcy electricity in a set of coils. Bie voltage coil 
is a winding of wire connected to the power supply lines. The current coil is c; 
winding of wire connected with the household wiring. When current passes 
throucfi these coils, the disk is forced to turn at a speed exactly proportional 
to the nunber of watts (amps x volts) of electrical power being used. 

Meter Progress To Meet Your Needs . Meters have dianged a great deal in the 
last 20 years. Hheif have had to* Television, electric heating, more li^ts, 
freezersr air conditioners, water heaters, and other new appliances have more 
than quadrupled the average family's oonsunption of electric power. IWenty 
years ago a meter rated at 600 watts was enoucji to meet average housdidd 
requirements. Today's meters are capable of handling up to 48,000 v/atts. 
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How To Read Your Kilowatt-Hour Meter . Ihe kilowatt- hour nreter is an instrument 
used to measure electrical enerc^ consunned ky a customer. 

TWO types of meters used ty the power ocmpanies are the digital and dial type 
meters. Hie digital meter is read directly fra^i left to rigjit as shown in 
Figure 1. Readings on some digital meters are obtained ty multiplying ty ten. 



ESS 



ESS 



EE [ECU 



= 8f290 kwh 
^ 8,290 kwh 
X 10 = 8,290 kwh 



[8290] = 8,290 kwh 

108290] = 8,290 kwh 

[0829] X 10 = 8,290 kwh 



Figure 1 - Digital Kilowatt-Hour Meters 



Most meters have four or five dials (see Figure 2). The figure above eadi of 
the dials indicate the number of kilowatt-hours (kwh) registered ty the meter 
during the time that the hand on that dial irakes one complete revolution. So, 
when the hand on the ricjit-hand dial has passed froK one figure to the next, 
1/10 of 10 kwh, or 1 kwh, has been used. 

Be sure to read the meter "backwards"— from ri^t to left — and remember to read 
the amaller of the two nunbers between which the pointer on the dial is 
standing. This is very important . 

Note that the pointers of the 10 and 1,000 dials rotate clockwise and 
counterclockwise on the 100 and 10,000 dials. During the time that the pointer 
on ary one dial is making a complete revolution from 0 to 0, the pointer on the 
next dial to the left ^'11 pass from one figure to the next. Therefore, 
although a pointer on one dial may appear to have arrived on a given figure, 
that figure :*ould not be read unless the pointer on the dial to the ricfit has 
readied or passed 0. 

For example, in Figure 2, the pointer on tlie 1,000 dial looks as if it is on 

the 5, but you should read that dial "4" because the pointer on the 100 dial, 

to the ri^t, has not made a complete revolution to 9. The correct reading is ^|| 

^own under the dials. ^ir 
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HOW MUCH GAS OR ELECTRICITY DO WE USE? 



Name 




Date 




Time. 





READING 









Date 



Tin.e 



READING 



TRY TO SAVE ENERGY! 



• 








Date 



Time 



READING 








Date 



Time 



READING. 
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HQ ELECTBIC HPFLIBDCE IDETEB 



SDBJECa? Industrial Technology LE7EL 9-12 



ACPIVm IN BRIEP 

In this activity r students will build a device which will measure how much 
electricity is used ty different tods or appliances. A utility conpary 
electric meter is adapted to measure the amount of electricity v*iidi is used. 



(BJECTXVS 

Each student will be able to demonstrate how an electric meter is used to 
measure electricity used in a heme or business. Each student will be able to 
measure the electrical consumption of various tools and appliances. 



MATERIALS TIME 

one 1" X 8" X 12" #2 pine board 6-8 class periods 

(or available type of wood) 

one 1" X 8" X 9" i?: pine board 

one 2" X 2" X 8" i2 pine board 

four #10 - 1 1/2" Flat head wood screws 

four #10 - 2 1/2" Flat head wood screws 

four feet of #12 - 3 electric wire 

one grounded pLug 

one surface-mounted grounded outlet 

one screen door pull 

one ArBase 120 volt electri: meter 

(contact your local power cdnpar^f you should be able to get a meter 
at little or no cost if you tell them iV is for instructional purposes) 



LEABNIN3 CYCLE 

AWARENESS - Introduce to the students the basics of reading an electric meter. 
(See "Reading Electric Meters.") Discuss kilowatts and kilowatt hours and how 
they are calculated to determine a household's monthly electric bill. 

CXNCEPT DEVELOPMENT - Construct the electric appliance meter. Identify the 
proper electrical hookup from the plug to the meter to the outlet. What type 
of circuit is used? Test the meter using various tools or appliances. Which 
appLianoe uses the most electricity of those tested? 

APHilCATION - Discuss how tliis meter could be used fcy homeowners or business 
pec^ie when btying equipment or appliances. Hew oould the design be iirprwed 
to make it more usable? 

EVADUATIDN - 1) Have the students record the amount of electricity used to run 
various todlsr machines and appliances for 2 minutes. Plot this information on 
a graph. 2) Have the students write a paragraph describing how a device like 
the one built in this activity oould be useful to ary consumer. 
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RliLaf-OP/BAOGROOND INEOmTIDN 

Contact your local power oranpary for meters and infonnation on hew your 
particular r^ter itssasures electricity' used. Different ccmpaniss' niters 
operate using different means. Some meters are aow digital, making them easier 
to read. 

SODRCE OP ACPIViry 

Cedar F^ls Utilities Power Compary, Cedar f^ls, Iowa. Adapted hy Alan Glass. 
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1. Cut wood (pine or aiy type of wood whidi is avaiable) for base. I'' x 8" x 
9" 

2. Cut wood for ujri^t where meter will be mounted. 1" x 8" x 12" 

3. Cut wood for corner support block. 2" x 2'* x 8" 

4. Optional: (If table saw is available) Cut a dado in the base piece for tlie 
upri^t 5 1/2" back from the front of the base piece. Check that the 
upri^t piece fits snugly in the dado slot, (cut the dado to a depth c£ 
half the thickness of the base piece) 

5o Assemble the base. Use glue and four #10 - 1 1/2" flathead wood screws to 
attadi upri^t to base. Glue and attach corner support block to upri^t 
and base piece with #10 - 2 1/4" flathead wood scret/s. Countersink all 
scr©^ heads. (Pilot and diank holes must be drilled prior to installation 
of the screws). 

6. Center the electric house meter cm the front of the upri^t piece and mount 

.sing wood scrws. Different models of meters require different mounting 
techniques according to the bracket on th-> back of the meter. Be sure to 
mount the meter securely to prevent the pn'^sibility of it falling off the 
base. 

7. wire the outlet to the meter as ^own in the wiring diagram. (If the meter 
you use has different connections than the meter i^own herer please consult 
your power compary on the proper method of connection). 

8* Mount the outlet onto the base board with the screws pro/ided in the 
outlet. 

9. Attadi the door pull with wood screws (this provides a carrying handle for 
your finished appliance meter). 

10. Test your meter. ELug it into a wall outletf plug a radio or appliance 
into your meter and record how much electricity is used by that appliance. 
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Figure 1; WIRING DIAGRAM 
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SOBJECr Industrial Technoloa^ LEVEL 9-12 

hCCIfrm IN BRIE ^ 

Oliis project will help students see how a material v^ich mi^t otherwi^ be 
wastedf cari be reused. In this activityr useful products (fireplace starters) 
are mads f rem recycled sawdusto TJiis activity involves recydingr as well as 
using bionass and converting it directly into fuel. 

CBJECPIVS 

Each student will be aKLe to describe the process of recydingr and demonstrate 
one method of using discarded materials (bianass) as a useful fuel. Eadi 
student will be able to identic types and uses of bi amass materials as enera^ 
sources. 



MKTERIfiLS TIME 

paraffin - old candles or slabs of paraffin. 1 or 2 class periods 
double boiler - a lew temperature crock pot 
will work. Never heat paraffin directly in 
a pan. It may ignite, 
hot plate with adjustable heat control or 
cooking stove 
soup ladle or metal spoon 
s^dust 

tape - cellc^ane 

paper - 8 1/2 x 11" ditto paper in various colors or 
empty paper towel or bathroom tissue holders 
can<^ thermometer - For safety r use the all metal type with the 
bimet:al sensing element and dial at the top. Cand/ therraoneters are 
usually better than meat thermometers because thQ^ have a Icwer 
tenperature range, 
three-poixnd coffee ran 
wood stir stick 
funnel - c^icml 

dowel rods - V4" x 15" - optional 

- r X 25« 
scrap boards - optional 




LBARHUG aOiE 

iWMRENESS - Introduce the area of recyding to the stucfents. Discuss what 
types of items can be recyded. Discuss bicmass enery. V/hct mrXes up 
bianass? (sources of ener^ which were once living) 

CXKCEPT DEVELOPMENT - Students will mix up and form the fuel sticks fron the 
sawdust and paraf in. Test the fuel sticks ty igniting and timing hew long eadi 
fuel stick will burn. 
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APELICATIDN - Discuss what dianges oould be mac3e to the shape of the fuel stick 
to make it burn hotter or longer. What other w^s can bionass material be 
recycled? 

EVMiUATION - 1) Have the students define 'ftianass" ener^^. 2) Have the 
students list other hiomass materials used as enera^ sources. 3) Have the 
students describe the term "recycling." 



Ku/JiHjp/BkCiGBcam mKsasaicfti 

The dty of Bellar Iowa is burning sawdust acquired from the Rollscreen 
Corporation to supplement the city's production of electricity. Ihe Rollscreen 
plant produces 190 r 000 lbs of sawdust per day. 

SOORCE OP ACriTITy 

"Enera^ Activities Fbr Industrial Arts," Minresota Department of Education. 
"Iowa Energ/ Bulletin" March/April 1979. Adapted ty Alan Glass. 
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1. Construct a si^jport base to hold the paper tube while it is being filled 
with the sawdust/paraffin mixture. These blocks can be made ty gluinq a 1" 

' - . 7 — "~- if^^-^ wj. o>^rap uuatu. iwo oozen 

or more are required. 

2. Roll sheets of 8 V2" x 11" paper into tubes and adjust to fit the support 
teaes. Bie paper should be rolled so that the finished tube is 8 1/2" 
long. Jtepe the paper tubes on the outside. NOIE: Colored ditto paper mav 
be used to bri^ten up the jaroject. Also, before rolling the paper into 
tubes, you may wish to ditto or print the name of your school, instructions 
for using the starters, etc., on the paper. Onpty bath tissue or paper 
towel rolls work extremely well. Biis is easier than trying to roll vour 
own tubes. 

3. Set the paper tubes in an upri^t position on the si?jport bases. Biey are 
new read/ to be filled with the paraffin/sawdust mixture. 

4. Melt the paraffin in a double boiler. Keep the thermaneter in the melted 
paraffin at all times and NEVER let the temperature exceed 125-150O p. 
Observe the following safety rules: 

a. Use a double boiler or a wax melting pot. Don't, for exanple, heat 
wax in a kettle ever an (^n flame. 

b. Always keep a themcmeter in the melted paraffin and keep the 
temperature as Iw as possible. Unlike water, which boils, peraffin 
looks the same at a safe temperature (125-150O f) as it does at an 
unsafe tenperature. When paraffin is overheated it can reach its 
flash point and start to burn. 



c. Use a metal thermcmeter rather than a glass thermaneter c 

d. Do not overfill the container. A container filled to 1/3 of its 
capacity is satisfactory. 

e. Always use an electric heating element. It is ^er than an opei 
flame. 



f. Use a metal double boiler rather than a glass double boiler. 

5. Mix several different formulas of paraffin and sawdust together in a 
three-pound coffee can. Keep notes on the details of the mixtures, stir 
with a long wooden spoon or a wood sUck until the sawdust is coated with 
the paraffin. 

6. While the mixture is still hot and pliable, carefully spoon the mixture 
into the paper tubes or into a funnel and thei. ram the mixture into the 
tube with a 1/4" dowel. 

7. Allcw the mixture to cool and then ranove the paper tube assemtay from the 
support bases. 
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8. To use the fireplace starteif li^t the paper tube. The fireplace starter 
may be used for carapfireSf fireplaces* or for starting diarcoal grills. 

9. Test some of the "formulas''. Which were most successful? 

a. Who can make a formula that burns the longest? 

b. How does changing the arrount of wood affect burning characteristics? 

c. Is there a better paper? 




7y 



FOamiDG B BBDIOBCTIVE CLOUD 



SOBJECT Industrial TechnolOty LEVEL 9-12 



ACTivrry in brief 

Biis activity will pcoduoe a source c£ alpha particles to use in a cloud 
chamber or a Geiger counter for detecting radiation* This activity will 
provide students with a source for detecting radiation. . Students will be given 
the opportunity to observe radiation being given off. 



QXJBCriVB 

Eacii student will be able to def ix^ radioactivity r alpha radiation^ nuclear 
reactor and radioactive waste. Each student will be able to explain several 
positive and negative aspects of nuclear power production. 



JftTEElIiffiS TIME 

crucible or f ire-proof container 1-2 class periods 

gas li^t roantler pin^ rubber cenventr 
glass or plastic cylindrical container with 
ewer (approx. 8cnu in dianveter and 4cnu high) 
a flashlicjitf methyl aloohoLf ^e dropperr 
black paperr glue^ black felt (Ion x 25 cm) 
small wood cube^ dry ice (available from ice 
cream stores or packing plants) 
a Geiger oour^ter (msy be leased from the Federal 
Ehiergenqr Management Agency - Civil Defense Agency r 
if your sdiool science department does not have CHje.) 



LEAFNUG OrOE 

WARINESS - Present to the students information on nuclear power pLantr and 
nuclear energy. Discuss benefits of nuclear energy (cleans inexpensive) as 
well as environmental drawbacks of nuclear ener^ (radioactivity^ wastes). 

(XNCEET KVELOPMENT - Conduct the radioactivity experiment as directed. 
Observe the traces of radiation given off ty the radioactive substance in the 
container. 

APELICAT3DN - What causes the visible radiation given off in the container? 
Use a Geiger counter to measure the an^ount of radiation being emitted. Have 
students researdi to f ii^ out what the safe levels are for radiation in our 
environnent* 



80 




IT80 



EVALUATION - 1) Have the students define the following: a) radioactivity r b) 
alpha radiation^ c) fusion^ d) fission^ e) nuclear reactor^ and f) radioactive 
waste. 2) Have the students make a list of all positive aspects of nuclear 
enerw* 3) Have the students make a list oJ all the negative aspects of 
nuclear ener^^. 4) Hold a nuclear enerc^ pro-con (tebate. Which side has a 
better argument? 



PCLLCJSMJP/BACIG^ INPORMRTION 

When heat is applied to a material^ a diemical change occurs. Combustion is an 
example of sudi a change. Ihe mantle used ii> this activity contains thorium^ 
which gives off alpha radiation particles as it turns. The remaining ash also 
contains alpha particles. 

The alpha radiaticm causes ions to form alcaig its path. The ions serve as 
oc»idensation centers for the alccAiol vapors. Alpha particles are relativUy 
large and cause considerable ionization even thou^ they do not move very far. 

Radioactivity is the release of partJ.cles and/or ener^ from the nucleus of an 
atom. Biis release of ener^^ takes the form of a nysterious type o£ 
radiation. Radiation can be identified as being Alpha (positive charge) ^ Beta 
(negative diarge) and Ganocnna (no charge). Each varies in their amount of 
potential energy. 

Radioactive sources are becoming common in the production of ener^ and medical 
technoloa^. Ihis activity provides a safe level of radiation to be utilized in 
the technolo^ laboratory. 

An alternative to making your own radioactive material is to biy a anall amount 
of alpha radiation material fron a scientific supply house (Edmunds Scientif iCf 
Frey Scientific). 

Try using a Geiger counter to measure the radioactivity of the substance. You 
^ouLd not expect more than low levels of radiation from the substance. 

Geiger counters may be leased from the Federal Emergency Ifenaganent Agency 
(Civil Defense Agency) . 



SODRCE OP ACTIVITY 



Physical Science r ty Johnsonr Barr^ and L^den. Addison-WeslQ^ Publishing 
Compary. Rivsical Science > A Search for Under standing ^ ty Brown and Anderson, 
Lifpincott Compary. Sci-Tech Activities for Technolocf/ Education , ty Tim 
Street and Bill TracQ^. Adapted ty Alan (Slass. 




iT81 



ACPivirr 

PART I; MskinQ s Rsdiosctivs Wsss 

!• Using a matchf burn the gas li^t mantle in the crucitxLe or fire proof 
container. 

2. Let the mantle burn until ashes remain. 

3. Coat the head of the pin with rubber cement. 

4. Dip it in the ashes of the mantle and let it dry. 

5. Repeat coating the head of the pin until the ball of cement and ash is 
the size of a large match head. 

Result: 

The ball of ash can be used in experiments with radiation. Alpha radiation is 
present in everyday substances such as cigarettes. It is safe to dispose of in 
the trash. 



• 



PART II: Detecting Radiation in a Substance 

1. Cover the inside bottcm of the container with the piece of black 
paper. 

2. Glue the black felt strip to the inside upper portion of the 
container. 

3. Using the ^e dropper/ saturate the felt strip with alcohol. The 
alcohol vapors should fill the container. 

4. Place a radioactive source on the wood cube near the center of the 
container. 

5. Cover the container and place it on top of the dry ice. 

6. Direct a bean of li^t from the flashli^t throu^ the sicte of the 
container. 

7. Itove the beam sli^tly and look for the radiation given off. 
Results: 

Students will see the radiation in the form of trails left ty the aljha 

particles. 
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